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7KH )RUPXOD 6WXGHQW SURMHFW LV RQH RI WKH JUHDWHVW RSSRUWXQLWLHV IRU VWXGHQWV DW WHFKQLFDO
XQLYHUVLWLHVKRZ WRJDLQH[SHULHQFHGXULQJ WKHLU VWXGLHV ,W LV DQ H[FHOOHQWZD\KRZ WRJDLQ
VNLOOV ZKLFK DUH IXQGDPHQWDO IRU WKHLU IXWXUH HPSOR\PHQW 0RGHUQ FRPSDQLHV QHHG IXOO\
SUHSDUHGHQJLQHHUVDQGWKDWPHDQVQRWRQO\WKHVWXGHQWLVZHOOWHFKQLFDOHGXFDWHG7KHWHDP
ZRUNFRPPXQLFDWLRQVNLOOVDELOLW\WRPDNHDSKRQHFDOODQGDUUDQJHDPHHWLQJZLWKH[WHUQDO
EXVLQHVV FRPSDQ\ UHVSRQVLELOLW\ RU WHFKQLFDO GRFXPHQWV SUHSDUDWLRQ WKHVH DUH RQO\ D IHZ
H[DPSOHVZK\WKH)RUPXOD6WXGHQWSURGXFHWKHEHVWQH[WJHQHUDWLRQHQJLQHHUV
5DFH FDU HQJLQHHULQJ LV D YHU\ FRPSOH[ WHUP LQPRWRUVSRUWZRUOG 7KHUH DUH D ORW RI UDFH
HQJLQHHUVLQPRWRUVSRUWWHDPV)RUDVLQJOHFDUWKHUHFRXOGEHDORWRIVXVSHQVLRQHQJLQHHUV
HQJLQHHQJLQHHUVHOHFWURQLFVHQJLQHHUUDFHHQJLQHHUVHWF$OOWRJHWKHUKDYHWKHRQO\DLP7R
LPSURYH WKH FDU DQG WKH GULYHU VR WKDW WKH ILQDO WLPH LV IDVWHU DJDLQ'XULQJ WKHPRWRUVSRUW
KLVWRU\WKHSRVLWLRQRIUDFHHQJLQHHUVKDYHEHHQFKDQJLQJ7KHPRGHUQWHFKQRORJ\RIIHUVDORW
RI ZD\V KRZ WR UHDG WKH FDU?V DQG WKH GULYHU?V EHKDYLRXU 7KHUHIRUH WKH GDWD DFTXLVLWLRQ
QRZDGD\V LV WKHPRVW LPSRUWDQW IHDWXUHRI UDFLQJ FDU(YHQ LQ WKH)RUPXOD6WXGHQWSURMHFW
WKHUHDUHGLIIHUHQW VROXWLRQVRI WHOHPHWU\ LQYROYHG%HVLGHV WKHGDWDDFTXLVLWLRQRQZKLFK LV
WKLVGLSORPDWKHVLVEDVHGWKHUHLVDQHQRUPRXVDPRXQWRIQHZLQQRYDWLYHWHFKQRORJLHVXVHGLQ
)RUPXOD6WXGHQW+HQFHWKH5RVV%URZQRQFHGHFODUHG
?7KHUHDUHRQO\WZRLQQRYDWLYHIRUPRIPRWRUVSRUWOHIW)RUPXODDQG)RUPXOD6WXGHQW?
)RUPXOD 6WXGHQW LV YHU\ PRWLYDWHG HQYLURQPHQW ZLWK WKH PDLQ WDUJHW WR HGXFDWH VWXGHQW
3XUSRVHRI WKLV'LSORPDWKHVLV LV WRVKRZWKH MRXUQH\RI OHDUQLQJSURFHVVDERXWVXVSHQVLRQ
WKHRU\ VXVSHQVLRQ GHVLJQ GHYHORSPHQW ZLWK PRGHUQ XVLQJ RI WKH )LQLWH (OHPHQW0HWKRG
GHVLJQ RI YHKLFOH NLQHPDWLFV DQG XVLQJ RI 'DWD $FTXLVLWLRQ DQDO\VLV WR HYDOXDWH WKH
SHUIRUPDQFHRIGHVLJQHGFDU
'DWD ORJJLQJ LV WKHJUHDWVROXWLRQKRZWR LPSURYH WKHFDUVHWXSUHDOO\TXLFNO\  ,Q)RUPXOD
6WXGHQWLWLVDOVRYHU\LPSRUWDQWZD\KRZWROHDUQGULYHUVWRGULYHWKHFDUSURSHUO\'DWDDUH
DOVRXVHGIRUGHYHORSLQJWKHQH[W\HDUFDUDVZHOODVVXFKDNQRZOHGJHDUHRIWHQWDNHQLQWRWKH
URDGFDUV
7KLVGLSORPD WKHVLVZLOO LQYROYH WKH UDFHFDUHQJLQHHULQJSRVLWLRQ IURPVXVSHQVLRQSRLQWRI
YLHZ :KLOH WKH DHURG\QDPLFV KDYH D JUHDW LQIOXHQFH RQ WKH FDU EHKDYLRXU WKHUH ZLOO EH
GHVFULEHGQRWRQO\VXVSHQVLRQWKHRU\EXWHYHQWKHEDVLFDHURG\QDPLFVSULQFLSOHV
6XVSHQVLRQ KDV EHHQ VWXG\LQJ GXULQJ WZR \HDUV RI )RUPXOD 6WXGHQW SURMHFW DW WKH %UQR
8QLYHUVLW\ RI 7HFKQRORJ\ DQG RQH \HDU DW WKH 8QLYHUVLW\ RI +HUWIRUGVKLUH WKDQNV WR WKH
(UDVPXVSURMHFW,WLVHDV\WRFKDUDFWHULVHWKHSURMHFWDVRQHFLUFOHVKRZQLQ)LJXUH,QIDFW
WKHUH DUH WZR FLUFOHV 7KH VWDWLF GLVFLSOLQHV SUHSDUDWLRQ LV YHU\ LPSRUWDQW SDUW DFFRUGLQJ WR
FRPSHWLWLRQV ,W QDWXUDOO\ SUHSDUHV VWXGHQWV WR ZULWLQJ WKHLU 0DVWHU 3URMHFWV RU 'LSORPD
7KHVLV
 
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
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
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
,QWKLVGRFXPHQWWKHUHZLOOEHGHVFULEHGOLIHRIWKHVXVSHQVLRQGXULQJVHDVRQVDQG
WKH SUHSDUDWLRQ IRU  VHDVRQ 7KH GRFXPHQW ZLOO IROORZ WKH VPDOOHU FLUFOH ZLWKRXW WKH
PDQXIDFWXULQJDQGDVVHPEO\SDUW)RUVXUHWKHVHDUHYHU\LPSRUWDQWSDUWVRI)RUPXOD6WXGHQW
3URMHFWKRZHYHU WKLV WKRXJKWVFRXOGEHZULWWHQ LQDQRWKHUERRN7KHFRPPXQLFDWLRQVNLOOV
ZLWKWKHUHDOZRUOGRILQGXVWU\SXWWLQJVWXGHQWVKDQGVRQWKHUHDOPDQXIDFWXUHGFRPSRQHQWV
ZKLFK KDYH EHHQ GHVLJQHG MXVW D IHZZHHNV DJR WKHVH DUH DQRWKHU LQFUHGLEOHPRPHQWV LQ
)RUPXOD6WXGHQW
1HYHUWKHOHVV ILUVWO\ WKHUHZLOOEH)RUPXOD6WXGHQWFRPSHWLWLRQGHILQHG LQGHWDLO7KHPDLQ
LGHDVPHDQWLQ)RUPXOD6WXGHQWUXOHVZLOOEHRIIHU6HFRQGO\WKHGHVLJQLQJSDUWRIVXVSHQVLRQ
ZLOO EH LQWHUSUHW IURP WKH WKHRU\ &$' )(0 DQG NLQHPDWLFV GHVLJQ SRLQW RI YLHZ /DVW
VHFWLRQ RI WKLV GLSORPD WKHVLV ZLOO EDVHG RQ WKH 'DWD $FTXLVLWLRQ 7KH V\VWHP DQG GDWD
DQDO\VLVVRIWZDUHZLOOEHVKRZQDVLWKHOSHGZLWKWKHGDWDHYDOXDWLQJGXULQJWKHWHVWLQJVHDVRQ
RI WKH FDU 7KH IRXUWK JHQHUDWLRQ RI 78%UQR5DFLQJ FDU DFKLHYHGPRUH WKDQ  WHVW NP
EHIRUHYHU\ILUVWFRPSHWLWLRQLQ*HUPDQ\
7KH FRQFOXVLRQ ZLOO VXJJHVW VRPH LPSURYHPHQWV ZKLFK FDQ EH LQYROYHG LQ QH[W \HDUV E\
IROORZLQJVWXGHQWEHFDXVHDV6PLWKSFODLPV
?7KHUHDUHDFWXDOO\ WZRZD\V WR OHDUQDQ\WKLQJ?IURPRXURZQPLVWDNHVRUIURPVRPHRQH
HOVH?V?
5XOHV
SUHYLRXVFDUGDWD
H[SHULHQFH
'HVLJQ
GHYHORSPHQW
0DQXIDFWXUH
$VVHPEO\
7HVWLQJ
&RPSHWLWLRQ
)LJXUHSURMHFWFLUFOH
6WDWLFGLVFLSOLQHV
SUHSDUDWLRQ
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 )2508/$678'(17&203(7,7,21
)RUPXOD6WXGHQW6HULHVFRPSHWLWLRQVDUHFRYHUHGZLWKWKHWHFKQLFDOUHJXODWLRQ?)RUPXOD6$(
5XOHV?1RZDGD\VWKHUHDUHPRUHWKDQXQLYHUVLWLHVDOODURXQGWKHZRUOGLQYROYHGLQWKLV
FRPSHWLWLRQ7KHSXUSRVHRI WKH)RUPXOD6WXGHQWFRPSHWLWLRQ LV WRGHPRQVWUDWH WKHGHVLJQ
IDEULFDWLRQ DQG WHVWLQJ RI D IRUPXOD VW\OH YHKLFOH IRU WKH QRQSURIHVVLRQDO ZHHNHQG
FRPSHWLWLRQ PDUNHW 6$(  7R FRPSDUH WHDPV DOO DURXQG WKH ZRUOG WKHUH LV ZRUOG
UDQNLQJOLVWDYDLODEOHRQOLQH
 352-(&77$5*(76
7KH)RUPXOD6WXGHQWFRPSHWLWLRQZDVHVWDEOLVKHGLQLQWKH8QLWHG6WDWHVRI$PHULFDDV
)RUPXOD6$(ZLWKWKHDLPWRSUHSDUHGVWXGHQWVIURPWHFKQLFDOXQLYHUVLWLHVIRUWKHLUIXWXUHMRE
SRVLWLRQVLQLQGXVWU\7KHLVVXHZDVWKDWWHFKQLFDOVWXGHQWVGLGQRWKDYHDQ\H[SHULHQFHZLWK
WKH UHDO ZRUOG RI HQJLQHHULQJ HQYLURQPHQW ,Q WKDW \HDUV LQGXVWU\ OHDGHUV GLVFXVVHG ZLWK
XQLYHUVLWLHV WKLV NLQG RU SUREOHP )RUPXOD 6WXGHQW &RPSHWLWLRQ VHHPHG WR EH D VXLWDEOH
VROXWLRQDVWKHRSSRUWXQLW\RIWKHUHDOUDFHFDUGHYHORSLQJPDQXIDFWXULQJWHVWLQJDQGUDFLQJ
ZDV D KXJHPRWLYDWLRQ IRU VWXGHQWV WR DWWHQG 3DW&ODUNH ? WKHPHQWRU RI )RUPXOD 6WXGHQW
*HUPDQ\ FRPSHWLWLRQ  LQ RQH RI KLV VSHHFK VDLG WKDW WKH DLP RI WKLV SURMHFW LV SULPDULO\
HGXFDWLYH VR WKDW LW FRXOG EH DQ\ NLQG RI HQJLQHHULQJ SURFHVV EXW EXLOGLQJ VRPH NLQG RI
UHIULJHUDWRUZRXOGQRWEH DWWUDFWLYH DW DOO2Q WKHRWKHUKDQGEHSDUWRI WKH UHDOPRWRUVSRUW
ZRUOGLVDWWUDFWLYHLQGHHG,WWRRNDOPRVWWZHQW\\HDUVWREULQJWKH)RUPXOD6$(LQWR(XURSH
,Q WKH)RUPXOD6WXGHQWSURMHFW KDVEHHQ LQWURGXFHG WR(XURSH:KLOHXVLQJ WKH VDPH
UXOHVDVWKH)6$(WKHDLPVDUHVWLOOWKHVDPH$VWKHHQJLQHHULQJZRUOGKDVFKDQJHGUDGLFDOO\
ZLWKWKHFRPSXWHUWHFKQRORJ\LQYROYLQJWKHHGXFDWLRQDWXQLYHUVLWLHVIROORZHG+RZHYHUWKH
VWXGHQWV?SRVVLELOLWLHVDWWHFKQLFDOXQLYHUVLWLHVUHPDLQVWKHVDPHIURPWKHPDQXIDFWXULQJSRLQW
RI YLHZ 7KH LGHD RI VWXGHQWV DUHPDGH XS MXVW IRU WKH WHFKQLFDO GUDZLQJ RU WKH '&$'
PRGHOQRZDGD\V
0RUHRYHUWKHHQJLQHHULQJLVQRWMXVWWRGHVLJQVRPHNLQGRISDUW,IWKHGHVLJQLQJSURFHVVLV
GRQH LW WDNHV D ORQJ WLPH WRKDYH WKH UHDOPDQXIDFWXUHGSDUW DVVHPEOHGRQ WKH UHVW RI ILQDO
SURGXFW+HUH WKH )RUPXOD 6WXGHQW EULQJV LWV LQYDOXDEOH EHQHILW 6WXGHQWV DUH FRQYLQFHG WR
PDQDJH WKLV ZKROH SURFHVV 7KH QHFHVVLW\ RI DUUDQJLQJ D PHHWLQJ ZLWK WKH UHDO FRPSDQ\
H[SODLQZKDWKHRUVKHZDQWVWRSURGXFHLWLVDJUHDWH[SHULHQFHIRUVWXGHQWV?IXWXUH$OWKRXJK
WKHUHLVDQRWKHULQKHUHQWSDUWRIWKHSURMHFW
7REHDEOHWRPDQXIDFWXUHWKHFDUWHDPKDYHWRGHWHUPLQHWKHEXGJHW,WLVFUXFLDO3UHSDUDWLRQ
RI EXVLQHVV SODQ LV VRPHWKLQJ YHU\ LPSRUWDQW LQ WKH UHDO ZRUOG RI LQGXVWU\ *HQHUDOO\ WKH
WHFKQLFDO VWXGHQWV DUH QRW SUHSDUHG IRU VXFK D NLQG RI GLVFLSOLQH 7KHZD\ KRZ WR DVN DQG
SHUVXDGHDFRPSDQ\WREHLQYROYHGZLWKWKHWHDPSURYLGHWKHWHDPZLWKPRQH\SURGXFWVRU
PDQXIDFWXULQJFDSDELOLW\LVRQHRIWKHPRVWYDOXDEOHVNLOOVWXGHQWFDQJDLQRXWRIWKHSURMHFW
 
)LJXUH86$DQG(XURSHFRPSHWLWLRQORJRVH%DUDFXV
%512	+$7),(/'
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 ',6&,3/,1(6
$OOWKHUHTXLUHGVNLOOVPHQWLRQHGDERYHDUHUHIOHFWHGLQGLVFLSOLQHVDWWKHSDUWLFXODU)RUPXOD
6WXGHQW&RPSHWLWLRQ7KDWPHDQVQRWRQO\ WKH UHDO UDFLQJ LV WKHSDUWRIFRPSHWLWLRQ$W WKH
YHU\ EHJLQQLQJ WKH FDU QHHGV WR EH VFUXWLQLVHG DW WKH WHFKQLFDO LQVSHFWLRQ 7R PHHW WKH
HGXFDWLQJ HOHPHQW WKH FRPSHWLWLRQ LV GLYLGHG LQWR G\QDPLF DQG VWDWLF SDUW 7KH VWDWLF
GLVFLSOLQHVDUHYHU\LPSRUWDQW7KHUHDUHSRLQWVDYDLODEOHRXWRIRYHUDOOSRLQWV
7KHWKLUGRIRYHUDOOSRLQWVUHIOHFWLQJKRZWKHWHDPLVSUHSDUHGWRSUHVHQWWKHFDU,QIDFWQRW
RQO\WKHFDUWHDPLVH[SHFWHGWRSUHVHQWLWVRZQFRPSDQ\IRUSURGXFLQJWKHUDFLQJFDU7KH
GHHS HQJLQHHULQJ NQRZOHGJH KDYH WR EH SUHVHQWHG LQ'HVLJQ 3UHVHQWDWLRQ WKHPDQXIDFWXUH
SURFHVVLVDVVHVVHGLQ&RVW3UHVHQWDWLRQDQGWKHDELOLW\WRSHUVXDGHWKHUHDOLQGXVWU\LVVKRZQ
LQ%XVLQHVV3UHVHQWDWLRQ
7KHUHVWRISRLQWVDUHDYDLODEOHLQG\QDPLFSDUWRIWKHHYHQW7KHUHDUHIRXUHYHQWVZKHUH
VWXGHQWVSUHVHQWVKRZIDVWWKHLUFDUDQGGULYHUDUH:KLOHWKHKXPDQIDFWRUWKHGULYHULVWKH
SDUWRIWKHILQDODFKLHYHGSRLQWVWKHQXPEHURIWHVWHGNLORPHWUHVEHIRUHFRPSHWLWLRQDEVROXWHO\
LPSRUWDQW7KHWHVWLQJSDUWRIWKHVHDVRQLVSUHVHQWHGLQWKH'DWD$QDO\VLVSDUWRIWKLVGLSORPD
WKHVLV 7KH GLVFLSOLQHV VLPSO\ SURYLGH WKH WHDP KRZ WR WHVW WKH FDU 6NLG SDG HYHQW IRU
VXVSHQVLRQVHWXS$FFHOHUDWLRQHYHQWZKHUHWKHFDUSUHVHQWVLWVSRZHUZHLJKWUDWLR$XWRFURVV
DQG (QGXUDQFH DUH WKH ODVW WR GLVFLSOLQHV ZKHUH WKH UHOLDELOLW\ DQG YHKLFOH KDQGOLQJ DUH
GHPRQVWUDWHG
 
6WDWLFV

'\QDPLFV

COMPETITION POINTS AVAILABLE
6WDWLFV '\QDPLFV
)LJXUH$YDLODEOHSRLQWVDW)RUPXOD6WXGHQWFRPSHWLWLRQ
%512	+$7),(/'

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 
$FFHOHUDWLRQ
6NLG3DG

$XWRFURVV

(IILFLHQF\

(QGXUDQFH

POINTS AVAILABLE IN DYNAMICS FSAE
$FFHOHUDWLRQ 6NLG3DG $XWRFURVV (IILFLHQF\ (QGXUDQFH
%XVLQHVV
3UHVHQWDWLRQ

(QJLQHHULQJ
'HVLJQ

&RVW$QDO\VLV

POINTS AVAILABLE IN STATICS
7HFKQLFDO,QVSHFWLRQ %XVLQHVV3UHVHQWDWLRQ (QJLQHHULQJ'HVLJQ &RVW$QDO\VLV
)LJXUH6KRZVWKHSHUFHQWDJHGLVWULEXWLRQRISRLQWVLQ6WDWLF'LVFLSOLQHV1RWHWKDWWKH7HFKQLFDO
,QVSHFWLRQLVQRWSDUWRIWKHSRLQW?VGLVWULEXWLRQ7RSDVVWKH7HFKQLFDO,QVSHFWLRQLVUHZDUGHGZLWK
WKH WLPHVDYHG IRUSUHSDUDWLRQ ,W FDQEHSUHSDUDWLRQ IRU WKH6WDWLF(YHQWV VDPHDV IRU'\QDPLFV
(YHQWVLQ7HVW$UHD
)LJXUH3RLQWVGLVWULEXWLRQLQ'\QDPLFV(YHQWVDFFRUGLQJWR)6$(UXOHV6$(
%512	+$7),(/'

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
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 7(&+1,&$/,163(&7,21
%DVHGRQWKHJHQHUDOUXOHV6$(RUVSHFLILFUXOHVUHOHDVHGE\SDUWLFXODUFRPSHWLWLRQIRU
H[DPSOH )RUPXOD 6WXGHQW *HUPDQ\ )6*  WKH WHDPV PXVW WR SDVV WKH 7HFKQLFDO
,QVSHFWLRQ 7KHUH DUH IRXU SURFHGXUHV ZKLFK PXVW EH SDVVHG $W EHJLQQLQJ WKH FDU LV
VFUXWLQLVHGE\LQVSHFWRUV ,I WKHFDULVHOLJLEOHWRFRQWLQXHWKHLQVSHFWLRQ WKHUHLV WKHWLOW WHVW
)LJXUHZKHUHLVWKHODWHUDODFFHOHUDWLRQRI*VLPXODWHG1ROLTXLGVOHDNLQJKDYHWREH
REVHUYHG$IWHU WKH FDU LVZHLJKWHG WKHUH LV DQRLVH WHVW$FFRUGLQJ WKHQHZ UXOHV IRU
VHDVRQWKHUHVWULFWLRQLVWKHQRLVHPXVWQRWEHDERYHG%&DWHQJLQHLGOHDQGG%&DW
DOORWKHUVSHHGV/DVWSDUWRI7HFKQLFDO,QVSHFWLRQLVEUDNHWHVW7KHFDUKDYHWREORFNDOOIRXU
ZKHHOVDWWKHVDPHWLPHDQGKDYHWRVWD\LQWKHVWUDLJKWZD\,IWKHFDUJDLQDOORIWKHWHFKQLFDO
VWLFNHUV )LJXUH WKH WHDP LV HOLJLEOH WRDWWHQG WKHG\QDPLFDUHD IRU WHVWLQJDQGG\QDPLFV
HYHQWV
$FFHOHUDWLRQ
6NLG3DG

$XWRFURVV

(IILFLHQF\

(QGXUDQFH

POINTS AVAILABLE IN DYNAMICS FSG
$FFHOHUDWLRQ 6NLG3DG $XWRFURVV (IILFLHQF\ (QGXUDQFH
)LJXUH7KHUHLVGLIIHUHQFHDW)6*FRPSHWLWLRQLQSRLQW?VGLVWULEXWLRQ6NLG3DGLVPRUHLPSRUWDQW
DJDLQVWWKH$XWRFURVV)6*
)LJXUH'UDJRQ7LOW7HVWDW)RUPXOD6WXGHQW&]HFK5HSXEOLF
%512	+$7),(/'



)2508/$678'(17&203(7,7,21

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)LJXUH  GHPRQVWUDWHV KRZ LPSRUWDQW WKH'HVLJQ3UHVHQWDWLRQ LV7KH DELOLW\ RI VWXGHQWV WR
SUHVHQW WKHLUZRUN LV FUXFLDOKHUH6WXGHQWVKDYHFKDQFH WRGLVFXVVZLWK MXGJHV WKHLUGHVLJQ
LQWHQGWKHGHYHORSPHQWFKDOOHQJHVPDQXIDFWXULQJDQGWKHWHVWLQJSDUWRIVHDVRQ-XGJHVDUH
JHQHUDOO\H[SHULHQFHGSHRSOHIURPLQGXVWU\7KDQNVWRWKDWVWXGHQWVKDYHWKHEHVWDVVHVVPHQW
ZKDWWKH\FDQJLYH 
)LJXUH7HFKQLFDOLQVSHFWLRQVWLFNHUVDW)RUPXOD6WXGHQW*HUPDQ\
)LJXUH'HVLJQ3UHVHQWDWLRQPHPEHUVDW)RUPXOD6WXGHQW*HUPDQ\
%512	+$7),(/'

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 &26735(6(17$7,21
,Q FRVW SUHVHQWDWLRQ HYHU\ FRPSRQHQW RI WKH FDU KDYH WR EH LQFOXGHG LQ WKH GRFXPHQW IRU
FRPSHWLWLRQ'XULQJ WKH SUHVHQWDWLRQ LV UHTXLUHG WR SUHVHQW D IHZSDUWV RI WKH FDU7KH SDUW
KDYH WREHVHDUFKHGQLPEO\ LQ WKHGRFXPHQWVDQGVWXGHQWVKDYH WR VKRZDQGYLQGLFDWH WKDW
WKH\KDYHSDLGDWWHQWLRQWRHYHU\VLQJOHGHWDLORIWKHPDQXIDFWXULQJSURFHVV-XGJHVQRZDGD\V
DVVHVWKHPDQXIDFWXULQJDSSURDFK,WLVGHVLUHGWRORRNDWWKHSURGXFWLRQRIWKHFDUDVDEDWFK
SURGXFWLRQRISLHFHV
 %86,1(6635(6(17$7,21
7KHDLPRI%XVLQHVV(YHQWLVWRSUHSDUHVWXGHQWVIRUWKHUHDOLQGXVWU\7KHUHIRUHLWLVUHTXLUHG
WR FRPH ZLWK LQWHUHVWLQJ LGHD RI EXVLQHVV SODQ DQG SUHSDUH D SUHVHQWDWLRQ IRU MXGJHV 7KH
MXGJHV DUH W\SLFDOO\ HPSOR\HHV LQ WKLV VSHFLILF DUHD LQ LQGXVWU\ 7KH WDUJHW LV WR SHUVXDGH
MXGJHVDVDYLUWXDOLQYHVWRUWRLQYROYHLQWR\RXUFRPSDQ\
 6.,'3$'
6NLGSDGHYHQWLVWKHILUVWG\QDPLFGLVFLSOLQHDWDFRPSHWLWLRQ,WLVWKHILUVWGLVFLSOLQHZKLFK
LVJHQHUDOO\UXQE\WKH)RUPXOD6WXGHQW WHDPVHYHQDW WKHWHVWLQJ6NLG3DGLV WKHEHVWZD\
ZKHUH WR VWDUW ZLWK VHWWLQJ XS WKH UDFLQJ FDU SURSHUO\ $FFRUGLQJ WR UXOHV FRPSHWLWLRQ WKH
6NLG3DG HYHQW ORRNV OLNH WKH QXPEHU HLJKW )LJXUH  7KH ILQDO WLPH LV WKH DULWKPHWLFDO
DYHUDJH RI VHFRQG ODSV RI HDFK RYDO 7KH ILQDO WLPH SURYHV KRZ ZHOO WKH VXVSHQVLRQ RI
SDUWLFXODUFDULVVHWXS

)LJXUH6NLG3DGOD\RXW6$(
 
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$WWKH)RUPXOD6WXGHQW*HUPDQ\RIILFLDOUXOHVVWDQGWKDWWKH6NLG3DG(YHQWVLVUXQXQGHUWKH
ZHW FRQGLWLRQV 7KLV VKRXOG KHOS WR SUHYHQW QRQHTXDO FRQGLWLRQV IRU HYHU\ WHDP DQG LWV
DWWHPSW

 $&&(/(5$7,21
,QWKHDFFHOHUDWLRQHYHQWDUHSRLQWVJDLQHGE\WKHIDVWHVWFDURQWKHPHWHUVGLVWDQFH(YHQ
KHUHDXQLTXHVHWXSFDQKHOSVHH)LJXUH$OWKRXJKPDLQO\LWLVDERXWWKH1HZWRQ?VODZ
 ? ? ? ? ? 

:KHUHWKHP?PDVVRI WKHFDULVSDUWLFXODUO\FUXFLDODV WKHUHLVQRZHLJKW OLPLW LQ)RUPXOD
6WXGHQWFRPSHWLWLRQ:KLOHRQFHKDYLQJWKHH[DFWDPRXQWRIWUDFWLRQSRZHU)RIRXUHQJLQH
RQO\KRZWRLPSURYHWKHILQDO WLPHRU WKHD?DFFHOHUDWLRQLQRWKHUZRUGVLV WRUHGXFHWKH
ZHLJKWRIWKHFDU7KDWLVWKHUHDVRQWRSLFNXSWKHOLJKWHVWSHUVRQZLWKLQWKHWHDPWRWDNHSDUW
LQWKLVHYHQW
 $872&5266
7KH ? PLOH ORQJ UXQ RQ D WLJKW FRXUVH EHWZHHQ FRQHV LV WKH HYHQW ZKLFK HYDOXDWH WKH
SHUIRUPDQFHIHDWXUHVRIWKHZKROHFDUDQGGULYHU7KHSHUIRUPDQFHFKDUDFWHULVWLFVVKRZQRQ
WKHWUDFNVXFKDVDFFHOHUDWLRQEUDNLQJDQGFRUQHULQJDUHKLJKO\GHSHQGHQWRQWKHGULYHU1RW
RQO\KHUHWKHDPRXQWRIWHVWLQJNLORPHWUHVDUHGHPRQVWUDWHG
 
)LJXUHZHWSDGDW)RUPXOD6WXGHQW*HUPDQ\
%512	+$7),(/'

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 (1'85$1&(
7KHSRUWLRQRIQXPEHU RI WHVWLQJNLORPHWUHV DUH VKRZQPDLQO\ KHUH LQ WKLV ILQDO GLVFLSOLQH
7KHNLORPHWUHVORQJUXQLVWKHUHDOSRLQWHUZKLFKSURYHVKRZWKHWHDPKDGEHHQZRUNLQJ
GXULQJWKHZLQWHUVHDVRQ7KHFDU?VGXUDELOLW\DQGUHOLDELOLW\DUHHYDOXDWHGKHUH,IWKHFDUSDVV
XQGHUWKHFKHFNHUIODJFHOHEUDWLRQVFDQEHJLQ
/DVWEXWQRW OHDVW LPSRUWDQW LV WKH)XHO(IILFLHQF\7KHFDUZLWK OHDVWFRQVXPHGDPRXQWRI
IXHOZLQV$QRWKHUUHDVRQWRKDYHVLQJOHF\OLQGHUHQJLQH
)LJXUH$FFHOHUDWLRQHYHQW'LIIHUHQWFDUVHWXSLVFOHDUO\YLVLEOH:LQJ
VIODSVDUHLQWKHORZ
GUDJVHWXS5LGHKHLJKWLVVHWXSDFFRUGLQJWRORDGWUDQVIHU7\UHVKDYHGLIIHUHQWSUHVVXUHWRDIIHFWWKH
FRQWDFWSDWFKDQGUHVLVWDQFHRIWKHFDU
%512	+$7),(/'
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
)LJXUH$XWRFURVV(YHQWDWWKH)RUPXOD6WXGHQW*HUPDQ\6HWXSLVFKDQJHGIURPWKH
DFFHOHUDWLRQWRDXWRFURVV$VWKHGULYHUKDVRQO\ODSVWRHVWDEOLVKWKHWLPHFDUKDVWREHVHWXS
DFFRUGLQJWRWKLVFRQGLWLRQV%LJJHVWFKDOOHQJHLVWRKHDWWKHW\UHV
)LJXUH&78&DU7HFKFDUZKLOH(QGXUDQFHDW)6*7KHUHOLDELOLW\LVFUXFLDO
%512	+$7),(/'
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 )2508/$678'(17352-(&7
7KLVSDUWZLOOEHGHGLFDWHGWRWKHWZRWHDPVWKHDXWKRUKDVEHHQPHPEHUGXULQJKLVVWXGLHV
7KH KRPH XQLYHUVLW\ LQ %UQR KDV EHHQ SDUWLFLSDWLQJ LQ )RUPXOD 6WXGHQW FRPSHWLWLRQ VLQFH
8QLYHUVLW\RI+HUWIRUGVKLUHKDV WKH)RUPXOD6WXGHQW WHDPHVWDEOLVKHG LQRQ WKH
YHU\EHJLQQLQJRIWKH(XURSHDQERUQRIWKLVFRPSHWLWLRQ
 78%5125$&,1*+,6725<
)LUVW LGHDV DERXW WKH )RUPXOD 6WXGHQW SURMHFW FDPH WR WKH %UQR8QLYHUVLW\ RI 7HFKQRORJ\
DURXQGWKH\HDU7KHUHZHUHILUVWEDFKHORUDQGGLSORPDWKHVLVGHGLFDWHGWRWKHSURMHFW
,WWRRNDQRWKHU\HDUVWRHVWDEOLVKWKHWHDP78%UQR5DFLQJ$FFRUGLQJWRWUDGLWLRQDOP\WK
RIKRPH WRZQ%UQR WKH ILUVW FDUZDVQDPHG'UDJRQ7KLV WUDGLWLRQKDVEHHQDGKHUHG WR DW
HYHU\ PRQRSRVW 7KDW PHDQV WKH HYHU\ QH[W JHQHUDWLRQ RI 78 %UQR 5DFLQJ FDU LV QDPHG
'UDJRQ?
 '5$*21&$5663(&,),&$7,21
7KHPDLQIHDWXUHVRIHYHU\FDULVWKHVLQJOHF\OLQGHUHQJLQHWXEXODUVSDFHFKDVVLVRXWRIVWHHO
WXEHV DQGXQHTXDO OHQJWK GRXEOHZLVKERQH VXVSHQVLRQ OD\RXW0RUH GHWDLOV DUH SURYLGHG LQ
7DEOH
7DEOH'UDJRQ&DUV6SHFLILFDWLRQV
  Dragon 1 Dragon 2 Dragon 3 Dragon 4 Dragon 5 
Engine Water cooled single cylinder Husaberg FE 570 
turbocharged 
Husqvarna 
FE 501 
Maximum 
Power 
42kW at 8800 rpm 60 kW at 7000 rpm 
Fuel E85 petrol E85 
Gearbox 6-speed, paddles under steering wheel, electromagnetic actuated 5 - speed, pneumatic actuated 
Chassis space tubular, steel tubes 
Suspension unequal length non-parallel double wishbone, on-board dampers 
  pull-rod front, push-rod rear pull rod front & rear 
Brakes Willwood ISR 4 piston front, ISR 2 piston rear, custom discs 
Tyres Dry Hoosier 20.5 x 6.0-13 R25B WET Hoosier 21.0 x 6.5-13 
Dry Hoosier 20.5 x 7.0-13 R25B 
WET Hoosier 21.0 x 6.5-13 
Wheels 13” inches Kaiser – 4 bolts (Aluminium) 
13” custom 
(Aluminium) 
13” OZ Racing Centre Lock 
(Magnesium)  
%512	+$7),(/'
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
)LJXUH'UDJRQWRRNSDUWDWFRPSHWLWLRQVLQWKHVHDVRQ)RUPXOD6WXGHQW8.)RUPXOD
6WXGHQW+XQJDU\DQG)RUPXOD6WXGHQW,WDO\
)LJXUH'UDJRQDIWHULWVILUVWVHDVRQ2QO\)RUPXOD6WXGHQW8.FRPSHWLWLRQZDVDWWHQGHGZLWK
WKLVFDU
%512	+$7),(/'
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 '5$*217$5*(76
$WWKHEHJLQQLQJRIWK78%UQR5DFLQJVHDVRQDOOWHDPVDWWRJHWKHUDQGVWDWHGWKHPDLQJRDOV
IRUWKDWVHDVRQ7KHUHZHUHWKUHHPDMRUDUHDVWHDPDLPHGIRU:HLJKW5HOLDELOLW\DQGSRUWLRQ
RIWHVWNLORPHWUHVEHIRUHHYHQWV(YHU\WKLQJDIIHFWVHYHU\WKLQJLQPRWRUVSRUW:LWKWKHZHLJKW
UHGXFWLRQWKHFDULVIDVWHUZLWKPRUHWHVWNLORPHWUHVWKHGULYHULVIDVWHUDQGFDUKDVWRSURYHLWV
UHOLDELOLW\ D ORQJ WLPH EHIRUH WKH SLQQDFOH RI WKH VHDVRQ ? )RUPXOD 6WXGHQW *HUPDQ\ 7R
ILQLVKPHDQVWREHVXFFHVVIXO
7KHUHDUHPDQ\PRUHDVSHFWVWKHWHDPZRXOGEHQHILWZLWKDKXJHSRUWLRQRIWHVWLQJGD\V7KH
)RUPXOD6WXGHQWVKRXOGEHWKHHGXFDWLYHHQYLURQPHQWDWWKHYHU\ILUVWSODFH:KHQWKHFDULV
EXLOWDQGUHDG\WRWHVWLQJDWOHDVWWZRPRQWKVEHIRUHILUVWFRPSHWLWLRQWHDPPHPEHUFDQVWDUW
WR OHDUQKRZWRVHWXSWKHFDUKRZUXQWKHUHDOPRWRUVSRUW WHDP+HQFH WKLVGLSORPDWKHVLV
FDQ H[LVWV DV LW LV EDVHG RQ WKH 6HWXS %RRN SUHSDUHG IRU H[DFWO\ IRU FRPSHWLWLRQV? VWDWLF
GLVFLSOLQH ? 'HVLJQ 3UHVHQWDWLRQ /DVW EXW QRW OHDVW JRDO IRU WKH VHDVRQ  ZDV WKH
QXPEHU 7KLV LV WKH DPRXQW RI SRLQWV 78 %UQR 5DFLQJ ZHQW WR DFKLHYH DW HYHU\
FRPSHWLWLRQ
7RVXPXSWKHWDUJHWVIRUVHDVRQOHWVWDUWZLWKWKHZHLJKW7KHWDUJHWZHLJKWZDVEHORZ
NLORJUDPV7KHZHLJKWLVFUXFLDOLQPRWRUVSRUWDQGWKH'UDJRQZLWKLWVNLORJUDPV
ZDVMXVWIDW7KHJRDOIRUWHVWLQJNLORPHWUHVSRUWLRQZDVDERYHWKH7KDWPHDQWWREXLOG
WKHFDUEHIRUHWKHHQGRI0D\:LWKWKLVWZRDVVXPSWLRQVWKHUHOLDELOLW\VKRXOGEHWXQHG
GXULQJWKLVSDUWRIVHDVRQ$QGRIFRXUVHWRSUHSDUHDVZHOODVSRVVLEOHWRDOOWKHGLVFLSOLQHV
DQGOHDUQDVPXFKDVSRVVLEOHIRUWKHIXWXUHFDURUMREDIWHUWKHXQLYHUVLW\JUDGXDWLRQ
 
)LJXUH'UDJRQDWWKH)RUPXOD6WXGHQW*HUPDQ\FRPSHWLWLRQ
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 
)LJXUH'UDJRQEHIRUHVHDVRQ)LUVWWHVWGD\VWRI0D\7KHPLVVLQJOLYHU\VKRZVKRZ
PXFKFRPSRVLWHVZHUHXVHGWRVDYHWKHZHLJKW'UDJRQLVWKHILUVWZLQJHGFDU(YHQZLWKWKHZLQJV
LWLVOLJKWHUWKDQ'UDJRQZLWKRXWZLQJV
)LJXUH'UDJRQUHQGHU7HDPKDYHLPSURYHGLQHYHU\ZD\GXULQJWKH\HDUV7KHPDUNHWLQJLV
RQHRIWKHPRVWLPSRUWDQWSDUWRIPRWRUVSRUW
%512	+$7),(/'
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 '5$*215(68/76
7KH JRDOV ZKLFK DUH VWDWHG IRU WKH VHDVRQ VKRXOG PRWLYDWH DOO WHDP WR ZRUN KDUG ,W LV
QHFHVVDU\WRWKLQNDERXWWKHZKROHSURMHFWIURPWKHSV\FKRORJLFDOSRLQWRIYLHZ$OZD\V\RX
QHHG WREHOLHYH LQ VXFFHVV:LWK WKDWEHOLHI FRPHVPRWLYDWLRQ DQGDIWHU WKDW VXFFHVV FRPHV
DVZHOO78%UQR5DFLQJ7HDPEHOLHYHGWRILQLVKLQWKHWRSDWFRPSHWLWLRQV1HYHUWKHOHVV
WKHWDUJHWSRLQWVRIVHYHQKXQGUHGVKRXOGWDNHSODFHLQWRSRYHUDOO
)LUVW KXJH VXFFHVV LV WKHGDWHRI WKH ILUVW WHVW GD\VW RI0D\7KDWPHDQW WKHUHZHUH WZR
PRQWKV VDYHG RQO\ IRU WHVWLQJ VHUYLFLQJ DQG OHDUQLQJ $QRWKHU KXJH VXFFHVV LV WKH ILQDO
ZHLJKW RI WKH FDU  NLORJUDPV DW WKH )RUPXOD 6WXGHQW *HUPDQ\ %HIRUH WKH )RUPXOD
6WXGHQW *HUPDQ\ WKH'UDJRQ  UXQ RYHU  NLORPHWUHV 7KH GHWDLOV DERXW WKH WHVWLQJ DUH
VXEMHFWRIWKLVGLSORPDWKHVLVDQGZLOOEHGHVFULEHGLQ&KDSWHU
 )2508/$678'(17*(50$1<
7KLVFRPSHWLWLRQLVDEVROXWHSLQQDFOHRI)RUPXOD6WXGHQW&RPSHWLWLRQLQ(XURSH7KHUHDUH
PRUHWKDQRQHKXQGUHGWHDPVIURPDOORYHUWKHZRUOG7KHRUJDQLVDWLRQLVH[FHOOHQWDQGWKH
KRVWLQJFLUFXLWLVWKHIDPRXV)RUPXOD+RFNHQKHLPULQJ7REHSDUWRIWKLVUDFHZHHNHQGLV
KXJHH[SHULHQFHIRUHYHU\PHPEHURIWKHVWXGHQWWHDP
7DEOH)RUPXOD6WXGHQW*HUPDQ\5HVXOWV
points out of place 
Dynamic disciplines 
Skid pad 48.8 75 7. 
Acceleration 33.98 75 44. 
Autocross 34.88 100 25. 
Endurance 0 325 32. 
Fuel Economy 50.91 100 21. 
Static disciplines 
Design 
Presentation 115 150 11. 
Cost Presentation 75 100 16. 
Business 
Presentation 50.29 75 34. 
Overall 408.86 1000 31. 

,WZDV D KXJH GLVDSSRLQWPHQW QRW WR ILQLVK WKLV FRPSHWLWLRQ+\SRWKHWLFDOO\ WKHUHZRXOG EH
DURXQGSRLQWVLQWKHILQLVKRI(QGXUDQFHZKLFKZHUHZDLWLQJIRUWKHWHDP8QIRUWXQDWHO\
DWWKHEHJLQQLQJRIWKHVHFRQGGULYHU?VVWLQWWKHFUDQNVKDIWSRVLWLRQVHQVRUIDLOHGDWLWZDVWKH
HQG RI WKH FRPSHWLWLRQ 7R VKRZ WKH ZRUOG KRZ WKH 'UDJRQ  DQG WKH ZKROH WHDP ZDV
FRPSHWLWLYHQRWLFHWKHWKSODFHLQ6NLG3DGDQGWKHWKSODFHLQ'HVLJQ3UHVHQWDWLRQ
 
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 )2508/$678'(17&=(&+5(38%/,&
+RPHFRPSHWLWLRQRI)RUPXOD6WXGHQW LV QRWSDUWRI WKHRIILFLDO)RUPXOD6WXGHQW FDOHQGDU
7KDWPHDQVLWLVQRWFRXQWHGWRWKHZRUOGUDQNLQJ,WLVDJRRGWRWHVWWKHFDUDJDLQDQGDJDLQ
7KLV \HDU LW ZDV D FKDOOHQJH WR UHSDLU WKH HQJLQH MXVW LQ  GD\V ZKLFK DUH EHWZHHQ WKH
*HUPDQ\ DQG &]HFK 5HSXEOLF HYHQW 8QIRUWXQDWHO\ WKH HQJLQH VWRSSHG DJDLQ DW WKLV
FRPSHWLWLRQ
7DEOH)RUPXOD6WXGHQW&]HFK5HSXEOLF5HVXOWV
points out of place 
Dynamic disciplines 
Skid pad 61.71 75 5. 
Acceleration 45.53 75 12. 
Autocross 66.34 100 7. 
Endurance 0 325 19. 
Fuel Economy 38.83 100 9. 
Static disciplines 
Design 
Presentation 140 150 5. 
Cost Presentation 68.69 100 4. 
Business 
Presentation 57.29 75 9. 
Sum 478.39 1000 13. 
 )2508/$678'(17+81*$5<
7KLV FRPSHWLWLRQZDV WKH ODVW FKDQFH WR SURYH WKDW'UDJRQ LV JUHDW FDU )RUPXOD6WXGHQW
+XQJDU\LVWKHRQO\HYHQWZLWKWKHFRQFUHWHVXUIDFH7KDWDOZD\VEULQJWKHIDVWWLPHVGXULQJ
JUHDWHU W\UH JULS )LQDOO\ WKH WHDP 78%UQR 5DFLQJ UHDFKHG DOPRVW WKH WRS DV ILQLVKHG WK
RYHUDOO 7KLV LV D KXJH VWHS IRUZDUG DVZH HYHQWXDOO\ ILQLVK WKH(QGXUDQFH DQG SURYH KRZ
JRRGFDUWKH'UDJRQLV
7DEOH)RUPXOD6WXGHQW+XQJDU\5HVXOWV
points out of place 
Dynamic disciplines 
Skid pad 44.1 75 6. 
Acceleration 32.8 75 16. 
Autocross 108.2 100 11. 
Endurance 222.6 325 5. 
Fuel Economy 53.7 100 14. 
Static disciplines 
Design 
Presentation 130 150 11. 
Cost Presentation 50.3 100 25. 
Business 
Presentation 57.1 75 26. 
Sum 698.8 1000 7. 
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 '5$*216($6215(9,(:
$FFRUGLQJWRWKHWDUJHWVZKLFKDUHVHWDWWKHEHJLQQLQJRIHDFKVHDVRQLWLVDOZD\VYHU\XVHIXO
WRUHYLHZWKHP7KHVHDVRQZDVDKXJHVWHSIRUZDUGLQWKH78%UQR5DFLQJWHDP7KH
WHDPKDYHOHDUQWDORWDQGLPSURYHGWKHKLVWRULFDOZRUOGUDQNLQJOLVW7KHWDUJHWRISRLQWVZDV
 7KH 7DEOH  VKRZV WKDW )RUPXOD 6WXGHQW +XQJDU\ DFKLHYHPHQW LV WKH  SRLQWV
7DUJHWZHLJKWZDVEHORZ WKHNLORJUDPV$W WKH)RUPXOD6WXGHQW*HUPDQ\FRPSHWLWLRQ
WKH'UDJRQ LVNLORJUDPVZHLJKW%HIRUH WKH)6*FRPSHWLWLRQ WKHUHZHUHPRUH WKDQ
NLORPHWUHVORJJHGZLWKWKHFDU

)LJXUH:RUOG5DQNLQJRI78%UQR5DFLQJGXULQJWKHKLVWRU\
 '5$*21'(6,*17$5*(76
7KDQNVWRWKHKXJHSRUWLRQRINLORPHWUHVZKLFK'UDJRQKDVGRQHWKHWHDPZDVDYDLODEOHWR
FROOHFW DQG VWXG\ D ORW RI GDWD 7KDW KHOSHG WR LGHQWLI\ WKH LVVXHV RI WKDW FDU DQG WRPDNH
GHFLVLRQV DERXW WKH QHZ RQH (YHQ WKH ZHLJKW ZDV D VXFFHVV IRU WKH 'UDJRQ  VWLOO WKH
NLORJUDPVDUHPRUHWKDQLWLVH[SHFWHGDWWKHVLQJOHF\OLQGHUFDUV3DW&ODUNHPHQWRURI
)RUPXOD6WXGHQW*HUPDQ\&RPSHWLWLRQGXULQJKLV'HVLJQ5HYLHZVDLG WKDW WKHHGJHRI WKH
VSDFHWXEXODUFKDVVLVZLWKVLQJOHF\OLQGHULVNJ
78%UQR5DFLQJ WDNH WKLV DV D FKDOOHQJH DQG HYHQZLWK WKH WXUER FKDUJHU WKH DLP LV WR EH
XQGHU WKH  NLORJUDPV 7KH ZD\ KRZ WR PDQDJH WKLV ZHLJKW ZDV WR FKDQJH WKH ZKROH
FRQFHSWRI WKH FDU )RU WKH ILUVW WLPH LQ78%UQR5DFLQJKLVWRU\NLQHPDWLFVRI WKH FDU DUH
FKDQJHG7KLVOHDGVWRVDIHWKHZHLJKWDWWKHUHDURIWKHFDUDVWKHGLIIHUHQWLDOZLOOEHWKHODVW
SDUWRIWKHFDU7KHNLQHPDWLFFKDQJHZLOOEHGHVFULEHGLQWKHFKDSWHU
 
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
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
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 (1*,1($1'32:(575$,1
7KHHQJLQHLVFKDQJHGIRUWKHILUVWWLPHLQWKH78%UQR5DFLQJKLVWRU\7KHVLQJOHF\OLQGHU
UHPDLQVEXWWKHYROXPHLVUHGXFHGIURPWRFF$VWKHDLPLVWRWXUERFKDUJHWKH
HQJLQHLWZLOOEHDKXJHFKDOOHQJHWRGHVLJQGHYHORSWHVWDQGUXQLWGXULQJRQH\HDU
 &+$66,6
7KHVSDFHWXEXODUFKDVVLVZHLJKWHGNLORJUDPVDWWKH'UDJRQ7KHFKDQJHRIWKHHQJLQH
DQGVXVSHQVLRQNLQHPDWLFV VDYHGD ORW ,Q&$'WKH'UDJRQFKDVVLV LVNLORJUDPV OLJKWHU
FRPSDUHWR'UDJRQFDU
 6863(16,21
7KHDHURG\QDPLFVDW'UDJRQKHOSHGWKHFDUWRDFKLHYH*RIODWHUDODFFHOHUDWLRQGXULQJ
WKH)RUPXOD6WXGHQW+XQJDU\(QGXUDQFH7KHLVVXHZDVWKHMDFNLQJIRUFH'UDJRQVWUXJJOHG
RQWKHFRQFUHWHVXUIDFHZLWKOLIWLQJRIWKHERWKLQQHUZKHHOVGXULQJFRUQHULQJ2QWKHWDUPDF
WKH LVVXHZDVPXFK VPDOOHU EXW VWLOO WKHUHZKHUH SUREOHPZLWK WKH UHDU LQQHUZKHHOZKLFK
OLIWHGGXULQJWKHFRUQHU
7KHDLPIRU'UDJRQLVWRUHGXFHWKHMDFNLQJIRUFHFKDQJHWKHSRVLWLRQRIWKHWRHURGDWWKH
UHDUVXVSHQVLRQWRDOORZWRUHGXFHZHLJKWRIWKHFKDVVLV
 
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
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
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
 8+5$&,1*
7KH8QLYHUVLW\RI+HUWIRUGVKLUHKDV WKH)RUPXOD6WXGHQW7HDPVLQFH WKHYHU\EHJLQQLQJRI
WKH (XURSHDQ KLVWRU\ RI WKLV FRPSHWLWLRQ 7KH WHDP LV VDLG WR EH WKH PRVW VXFFHVVIXO 8.
)RUPXOD6WXGHQW7HDP7KHWUXWKLVWKHUHDUHDORWRIDZDUGVWKHWHDPUHFHLYHGGXULQJLWVORQJ
KLVWRU\2QWKHRWKHUKDQGWKH2[IRUG%URRNHVDQGWKH78%DWK)6WHDPVVWDWHWKHVDPHIDFW
WKH\DUHWKHPRVWVXFFHVVIXO8.WHDPRIWKHKLVWRU\/HWGRDUHVHDUFKDQGGHFLGH\RXUVHOI
)RUWKHVHDVRQWKHWKFDULVEHLQJEXLOW7KHFRQFHSWRIWKHFDULVEDVHGRQWKHODVW\HDU
JUHDWFKDQJHV$IWHUPDQ\\HDUVZLWKWKHIRXU?F\OLQGHUHQJLQH<DPDKD5WHDPKDGGHFLGHG
WRVZLWFKWRVLQJOHF\OLQGHUXQLW,WLVWKH.706;)$VWKHWHDPKDVTXLWHORZEXGJHW
FRPSDUHWRWKHRSSRQHQWVIURP8.RU*HUPDQ\FKDVVLVDUHPDGHRXWRIVWHHOWXEHV6RWKDW
WKHRQO\QRWHZRUWK\GLIIHUHQFH LQ WKH78%UQR5DFLQJDQG8+5DFLQJFRQFHSWVEHIRUH WKH
WXUERHUDLQ%UQRZHUHWKHLQFKHVZKHHOV

)LJXUH8QLYHUVLW\RI+HUWIRUGVKLUH)RUPXOD6WXGHQW7HDPKDVDORQJDQGVXFFHVVIXOKLVWRU\8+

7KH GLIIHUHQFH LQ WKHZKHHO VL]H LV YHU\ LQWHUHVWLQJ DV LW FDQ EH FRPSDUHG LQ WKLV GLSORPD
WKHVLVLQWKHFKDSWHUZKHUHWKHNLQHPDWLFVRIWKHVHFDUVDUHGHVFULEHG7KHDXWKRUKDVEHHQ
YROXQWHHULQJ LQ WKH8+5DFLQJ DV KH LV (UDVPXV VWXGHQW DQG KDV QR )LQDO<HDU 3URMHFW RU
0DVWHU3URMHFWEDVHGRQWKHQHZ8+FDU2QWKHRWKHUKDQGWKHLQIOXHQFHDVDGYLVHUFRXOG
EHYLVLEOH ,QWHUHVWLQJO\ WKHIURQWVXVSHQVLRQZDVVLPLODU WRHDFKRWKHURQSUHYLRXVFDUVDQG
IRUWKHQH[WVHDVRQWKHUHDUVXVSHQVLRQZLOOEHVLPLODUDVZHOO
 8+7$5*(76
7KHVHDVRQZDVQRWVXFFHVVIXOH[FHSWWKH)XHO(FRQRP\UHZDUGDWWKH)RUPXOD6WXGHQW
8.7KHELJJHVW LVVXHRI WKH8+ZDV WKHVPDOOQXPEHURI WHVWLQJNLORPHWUHVEHIRUH WKH
FRPSHWLWLRQ7KHFDUZDVEXLOWOLWHUDOO\WKHODVWQLJKWEHIRUHWKHFRPSHWLWLRQ$VWKHWHDPKDV
FKDQJH WKH HQJLQH IRU WKLV VHDVRQ LWZDV D GLVDVWHU WR UXQ LW DQG OHDUQ LWV EHKDYLRXU DW WKH
FRPSHWLWLRQ1HYHUWKHOHVVWKHGULYHUVKDGQRH[SHULHQFHZLWKWKDWFDU
7KH GULYHU WUDLQLQJ LV UHDOO\ FUXFLDO 7KHPDLQ JRDO RI 8+  LV WR EH EXLOW DW WKH HQG RI
0DUFK7KLVVKRXOG OHDG WRKDYH WKHUHOLDEOHFDUZLWKSHUIHFWVHWXSDQGSHUIHFWGULYHUV7KH
RWKHUJRDOVFRPHZLWKWKHILUVWJRDO7HVWDORWRINLORPHWUHVSUHSDUHWKHZKROHWHDPIRUWKH
VWDWLFGLVFLSOLQHVDQGZLQWKH)68.DQG)6*6LPSOH

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 
)LJXUH8+DWWKH)RUPXOD6WXGHQW*HUPDQ\WKRYHUDOOIDQWDVWLFSODFH
)LJXUH8+ZDVWKHILUVWZLQJHGFDU/DVW8+5DFLQJFDUZLWKWKHIRXUF\OLQGHU
HQJLQH
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
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
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

)LJXUH8+LQWKHZRUNVKRSDWXQLYHUVLW\/DVW\HDURIVXFKDELJDHURSDFNDJHLQ)RUPXOD
6WXGHQWGXHWRWKHUXOHFKDQJH
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
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
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 7+(25<
7KHPRWRUVSRUW GLVFLSOLQH LV DOZD\V GHSHQGHG RQ WKH IRUFHVZKLFK DUHPRYLQJ WKH YHKLFOH
IXUWKHURQWKHJURXQG:KLOHWKHFRPEXVWLRQHQJLQHFKDQJHVHQHUJ\RIKHDWLQWRWKHWXUQLQJ
IRUFHRQWRD IO\ZKHHO WKHJHDUER[IXUWKHUWUDQVIRUPVWKLVHQHUJ\WRWKHGULYHQZKHHOV7KDW
PRPHQW LV FUXFLDO DV LW DOO GHSHQG RQ WKH IRUFHZKLFK WKH W\UH LV DEOH WR FRQYHUW RQWR WKH
JURXQG7RLQFUHDVHIRUFHVLQWKHFRQWDFWSDWFKRIWKHW\UHLVWKHDLPHQJLQHHUVLQPRWRUVSRUW
ZRUOGVHDUFKIRU
7REHDEOHWRLQIOXHQFHFRQWURODQGLQFUHDVHIRUFHVLQWKLVDUHDZKHUHWKHW\UHLVLQWKHFRQWDFW
ZLWKVXUIDFHEHQHDWK LW LVEHQHILFLDO WRXQGHUVWDQGWKHW\UHWKHRU\7KLVNQRZOHGJHKHOSV WR
XQGHUVWDQGKRZWRWUHDWZLWKWKLVEODFNUXEEHU$ZDUHQHVVRIW\UHFKDUDFWHULVWLFVOHDGLQWRWKH
VXVSHQVLRQGHVLJQ7RGHVLJQWKHVXVSHQVLRQNLQHPDWLFVZLWKWKHSURSHUW\RIW\UHLVFULWLFDODV
LWHQDEOHVWKHW\UHWREHRQLWVEHVWFDSDELOLW\WRWUDQVIRUPDVKLJKIRUFHVDVLWLVGHVLJQHGIRU
)XUWKHUPRUHZLWK WKHNQRZOHGJHKRZ WKH W\UHEHKDYHVHQJLQHHUV DUH DEOH WR VHWXS WKHFDU
DFFRUGLQJWRWKHSDUWLFXODUWUDFNLQSDUWLFXODUFRQGLWLRQV
7KHW\UHFKDUDFWHULVWLFVFDQFKDQJHWKHGHVLJQRIDUDFLQJFDUIURPWKHVFUDWFK8QIRUWXQDWHO\
WKLV LVQRWD W\SLFDOFDVHRIPDMRULW\RIUDFLQJWHDPV7KHW\SLFDOZD\LV WRPDNHXVHRIWKH
KLVWRULFDOGDWDRISUHYLRXVFDUVLQVXFKDFDVHWKHGDWDDFTXLVLWLRQFDQUHDOO\KHOS:LWKW\UH
FKDUDFWHULVWLFVWKHGHVLJQRQNLQHPDWLFVFDQEHFRQWUROOHGZLWKVXFFHVV7KHXSULJKWJHRPHWU\
EDVHGRQ WKHVHOIDOLJQLQJ WRUTXHSQHXPDWLF WUDLO DQGPD[LPXPODWHUDO IRUFH FDQEHGHVLJQ
SUHFLRXVO\ LQGHHG DV WKLV DOO LQIOXHQFH VWHHULQJ JHRPHWU\ D ORW 7KH VHQVLWLYLW\ RI W\UH
EHKDYLRXUEDVHGRQGLIIHUHQWQRUPDOORDGVDQGWKHFDPEHUHIIHFWFDQLQIOXHQFHSRVLWLRQRIUROO
FHQWUHVRUWKHZKROHNLQHPDWLFFRQWURORIFDPEHUFKDQJH
1RWRQO\FDPEHUEXWWKHSUHVVXUHDQGWHPSHUDWXUHRIW\UHLQIOXHQFHWKHEDODQFHRIWKHFDU7KH
FDUEDODQFHLVWKHPRVWLPSRUWDQWDVSHFWZKDWW\SLFDOUDFLQJGULYHUZLOOEHZRUNRUILJKWZLWK
7RLQFUHDVHIRUFHVLQFRQWDFWSDWFKRIW\UHWKHDHURG\QDPLFVFDQEHXWLOL]HRQUDFLQJFDU7KH
SHQDOW\ RI KLJKHU GUDJ FDQ LPSURYH WKH FRUQHULQJ DELOLW\ RI D FDU DQG DOVR WKH SUHVVXUH
GRZQIRUFHFDQEHWUDQVIRUPHGRQWKHUHDURIIURQWD[OHLQDUDWLRZKLFKFDQFRQWUROWKHFDU
EDODQFHZLWKLQKLJKHUYHORFLW\ 
)LJXUH
7KHGLIIHUHQFHLQ*FLUFOHLVFOHDUO\
YLVLEOH7KLVLVGDWDIURPWKHVDPH
FLUFXLW)RUPXOD6WXGHQW+XQJDU\
	%OXHGDWDLV'UDJRQ
UHGLV'UDJRQ7KHELJJHVW
GLIIHUHQFHEURXJKWWKHDHURG\QDPLFV
%XWWKHUHLVDOVRLQIOXHQFHRIWKH
ZHLJKWUHGXFWLRQYLVLEOHLQ
DFFHOHUDWLRQ
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 7<5(6
7KHRQO\LQWHUDFWLRQRIDQ\FDUZLWKWKHURDGLVGRQHE\W\UH7KHSRVLWLRQRIWKHZKHHOWUDYHO
UHVSHFWLYHO\ WR VXUIDFH RQ WKHRQH KDQG DQG WR WKH ERG\PRYHPHQW RI YHKLFOH RQ WKH RWKHU
LQIOXHQFHVWKHVDIHW\DQGSHUIRUPDQFHRIWKHSDUWLFXODUFDU,WGRHVQRWPDWWHULILWLVDURDGFDU
RUDUDFLQJFDU7KHSUHGLFWDELOLW\DQGVRWKHVDIHW\LVWUXO\LPSRUWDQW
7\UHLVPDGHRXWRIDUXEEHUZKLFKFKDUDFWHULVWLFVDUHQRQOLQHDU7KHRQO\H[DFWZD\KRZWR
GHWHUPLQH W\UH FKDUDFWHULVWLF EHIRUH LW LV XVHG DW D WHVWLQJ WUDFN RU LQ WKH UDFH LV WR WHVW LWV
EHKDYLRXURQDW\UHWHVWULJ%DVHGRQWKHSDUWLFXODUWHVWULJIHDWXUHVLWLVSRVVLEOHWRFROOHFWD
KXJHDPRXQWRIGDWD$FFRUGLQJ WR&DOVSDQ7LUH5HVHDUFK &DOVSDQ WKH W\UH WHVW ULJ
FDQPHDVXUHW\UHVLQORDGVXSWR1ZLWKLQWKHVSHHGLQH[FHVVRI03+)XUWKHUPRUH
WKHWHVWULJFDQEHVHWXSWRPHDVXUHEUDNLQJDFFHOHUDWLQJRUFRUQHULQJEHKDYLRXULQIOXHQFHVE\
PDQ\ FRQWUROOHG IDFWRUV )RU H[DPSOH VOLS DQJOH LQFOLQDWLRQ DQJOH VOLS UDWLR ZLWK H[DFW
LQIODWLRQSUHVVXUHHWF&DOVSDQ7\UH7HVW5LJLVVKRZQLQILJXUH
,Q WKLV FKDSWHU WKH W\UH FKDUDFWHULVWLFV ZLOO EH GHVFULEHG DOVR VRPH UHDO GDWD ZKLFK ZHUH
PHDVXUHG RQ8+7\UH7HVW5LJ 5& W\UH WK VFDOHZLOO EH VKRZQ7KH VFDOH WHVW ULJ LV
VKRZQLQILJXUH7KHW\UHFRQVWUXFWLRQLVQRWWKHDLPRIWKLVFKDSWHUDVWKHUHDUHSUHFLRXVO\
GHVFULEHG LQGLIIHUHQWSXEOLFDWLRQV7KH W\SLFDO)RUPXOD6WXGHQW W\UH LV+RRVLHU
ZLWK5%FRPSRXQG7KLVW\UHLVFURVVSO\FRQVWUXFWLRQ
 
)LJXUH&DOVSDQ7LUH5HVHDUFK)DFLOLW\
7,5)&DOVSDQ
)LJXUH7\UH7HVW5LJRI8QLYHUVLW\RI
+HUWIRUGVKLUH6FDOHWKIRUPHDVXULQJ5&FDU
W\UHV
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 35,17,67+(*5,32)7<5(
$VLWZDVGHVFULEHGSUHYLRXVO\WKHFRQWDFWSDWFKRIW\UHLVYHU\LPSRUWDQW(YHU\WKLQJZKDW
WKHFDULVJRLQJWRGRGHSHQGVRQWKDW,Q)LJXUHWKHUHDUHGHVFULEHGWKHSK\VLFDOSURSHUWLHV
RIW\UHZKLOHFRUQHULQJ
 /$7(5$/$1'/21*,78',1$/&$3$%,/,7<2)7<5(
7KHGHIRUPDWLRQRIFRQWDFWSDWFKZKLOHFRUQHULQJSURGXFHGLVWRUWLRQRI W\UHZKDW UHVXOWV LQ
SURGXFLQJ VOLS DQJOH 7KLV GHIRUPDWLRQ LV YHU\ LPSRUWDQW ,W EULQJV KHDW LQWR WKH W\UH LW LV
GHSHQGHGRQWKHDPRXQWRIODWHUDOIRUFHWKHW\UHLVFDSDEOHWRWUDQVIRUPDQGDOVRLWLQIOXHQFH
WKH W\UHZHDU7KH ODWHUDO IRUFH LV WKHUHVXOWDQW IRUFHRIVOLSDQJOH7KH ODWHUDO IRUFHYVVOLS
DQJOH FDQ EH GLYLGHG LQWR WKUHH PDLQ SDUWV /LQHDU WUDQVLWLRQDO DQG IULFWLRQDO DV LW LV LQ
ILJXUH
7KH WUDFWLYH DQG EUDNLQJ IRUFH LV GHVFULEHG ZLWK VOLS UDWLR 7KLV LV GLIIHUHQFH EHWZHHQ WKH
DQJXODUYHORFLW\RIWKHGULYHQRUEUDNHGZKHHO?DQGWKHDQJXODUYHORFLW\RIWKHIUHHUROOLQJ
ZKHHO?0LOOLNHQ	0LOOLNHQ7KHVOLSUDWLRLVRQHRIWKHFUXFLDOSDUDPHWHULQGDWD
DFTXLVLWLRQDVLWFDQDQDO\VHWKHIXQFWLRQRIWUDFWLRQFRQWURO7KHV\VWHPFDQEHGULYHQWRXVH
WKHPRVWRIWUDFWLYHIRUFHEHFDXVHVDPHDVWKHODWHUDOIRUFHWKHORQJLWXGLQDOIRUFHUHDFKHVLWV
PD[LPXPZLWKVRPHDPRXQWRIVOLS7KHPDWKHPDWLFDOFKDQQHOXVHVWKHVDPHHTXDWLRQ,W
FRPSDUHVWKHVSHHGRIWKHGULYHQZKHHO?WRVSHHGRIWKHIUHHUROOLQJVSHHG?
 ?? ? ? ? ???? ?
?
?? ? ?

:KLOHWKH65 WKHVSHHGRIGULYHQZKHHOHTXDOVWKHVSHHGRIUROOLQJZKHHOV:LWK65!
WKH W\UH LV ORVLQJ JULS VWDUW WR VSLQ 7\SLFDO YDOXHV RI ORQJLWXGLQDO IRUFH PDJQLWXGH LV
EHWZHHQ?RIVOLSUDWLR6HJHUV 
)LJXUH5ROOLQJW\UHGHIRUPDWLRQXQGHUODWHUDOIRUFH*LOOHVSLH
%512	+$7),(/'

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
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
 
)LJXUH/DWHUDOIRUFHYVVOLSDQJOHIRUDUDFLQJW\UH
0LOOLNHQ	0LOOLNHQ
)LJXUH/RQJLWXGLQDOIRUFHYV6OLS5DWLRIRUGLIIHUHQW
VXUIDFH7\SLFDOYDOXHRIPDJQLWXGHRIIULFWLRQIRUFHIRUUDFLQJ
W\UHLVEHWZHHQRI65*LOOHVSLH
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
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
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'HVSLWHRIVOLSDQJOHWZRRWKHUIDFWRUVLQIOXHQFHODWHUDOIRUFHRIW\UH7KHQRUPDOORDGDQGWKH
FDPEHU9HUWLFDOORDGGHSHQGVRQPDVVGLVWULEXWLRQDQGRQWKHWUDQVLHQWEHKDYLRXURIYHKLFOH
?WKHZHLJKWUDQVIHUGXULQJDFFHOHUDWLQJEUDNLQJDQGFRUQHULQJ&DPEHUDQJOHLVGULYHQE\
VXVSHQVLRQDQGVWHHULQJNLQHPDWLFV
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/DWHUDO)RUFHYV6OLS$QJOHIRU'LIIHUHQW/RDGV)=1
)=1
)=1
)=1
/DWHUDO)RUFH
&RHIILFLHQW
7UHQGOLQH
)LJXUH6RUH[-%/DWHUDO)RUFHYV6OLS$QJOHIRUGLIIHUHQWORDGV/DWHUDOIRUFH
FRHIILFLHQWWUHQGOLQHODWHUDOIRUFHPDJQLWXGH5&W\UHGDWDZHUHPHDVXUHGRQ8+7\UH
7HVW5LJ
)LJXUH+RRVLHU5%/DWHUDO)RUFHYV6OLS$QJOHIRU'LIIHUHQW/RDGV	
/DWHUDOIRUFHFRHIILFLHQWWUHQGOLQHODWHUDOIRUFHPDJQLWXGH&DOVSDQ
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 /$7(5$/)25&(&2()),&,(17	&251(5,1*67,))1(66
%DVHGRQGDWDVKRZQLQILJXUHDQGWZRFKDUDFWHULVWLFVFDQEHFDOFXODWHG7KHODWHUDO
IRUFHFRHIILFLHQWDQGWKHFRUQHULQJVWLIIQHVVRIWKHW\UH?WDEOH7KHFRUQHULQJVWLIIQHVVFDQ
EHGHVFULEHGDVDVORSHRIWKHFXUYHDW]HURVOLSDQJOH,WGHVFULEHVWKHUHVSRQVLYHQHVVRIW\UH
LQVWHDG\VWDWHFRQGLWLRQV+LJKHUWKHVORSHTXLFNHUWKHUHDFWLRQWLPHRIW\UH,QILJXUHDQG
FDQEHVHHQWKHGLIIHUHQFHRIWKHVHWZRW\UHV/DWHUDOIRUFHFRHIILFLHQWQRUPDOL]HVWKH
ODWHUDOIRUFHYVVOLSDQJOHLQ)LJXUH
7DEOH/DWHUDO)RUFH&RHIILFLHQWVFRPSDULVRQ6RUH[-%YV+RRVLHU?5%

 
Sorex 28 JB Hoosier 20.5/7.0 - 13 R25B 
Normal 
Load 
[N]
Mag. Slip
Angle 
[deg]
Lateral 
Force 
Coefficien
t μ [-]
??
[N/deg]
Normal 
Load 
[N]
Mag. Slip
Angle [deg]
Lateral Force 
Coefficient μ [-
]
??
[N/deg]
10.5 -12 1.28 2.4  1115 -7.4 2.51 859 
8.5 -11 1.30 2.2  670 -6.6 2.61 681 
6.5 -10 1.38 1.9  440 -5.8 2.65 503 
4.5 -9 1.33 1.3  220 -4.9 2.7 250 
2.5 -6.5 1.96 1   
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6RUH[-%1RUPDOL]HG/DWHUDO)RUFHYV6OLS
$QJOHIRUGLIIHUHQWORDGV
1RUPDO/RDG1
1RUPDO/RDG1
1RUPDO/RDG1
1RUPDO/RDG1
1RUPDO/RDG1
)LJXUH1RUPDOL]HG/DWHUDO)RUFHYV6OLS$QJOHIRUGLIIHUHQWORDGV
%512	+$7),(/'



7+(25<
 &$0%(57+5867
7KHFDPEHUHIIHFWFDQEHVHHQLQILJXUH7KHQHJDWLYHFDPEHUSURGXFHODWHUDOIRUFHHYHQ
LQORQJLWXGLQDOGLUHFWLRQRIWUDYHO7KLVLVFDOOHGFDPEHUWKUXVW,WLVZLGHO\XVHGLQUDFLQJDVLW
GULYHVWKHNLQHPDWLFFKDUDFWHULVWLFRIFDPEHUFKDQJH,WLVLPSRUWDQWQRWWRGHVLJQWKHFDU
ZKLFKHQDEOHVWKHW\UHWREHLQSRVLWLYHDQJOHRIFDPEHU$VLWLVFOHDUO\EULQJVGLVDGYDQWDJH
RIORZHULQJWKHODWHUDOIRUFH
 7<5(7(03(5$785($1$/<6,6
7\UHPDQDJHPHQWLVDEVROXWHO\FUXFLDOGXULQJHQGXUDQFHUDFHV8OWLPDWHO\WKHW\UHKDVWKH
ELJJHVWLQIOXHQFHKRZWKHFDUEHKDYHGXULQJWKHZKROHUDFH7KHZHOOHVWDEOLVKHGWHDPZLWK
TXLWHKLJKEXGJHWGHILQLWHO\VKRXOGXVHWKHW\UHWHPSHUDWXUHVHQVRUV7KHW\SHVRIVHQVRUVDUH
EH\RQGWKHVFRSHRIWKLVGLSORPDWKHVLVKRZHYHUVXFKDVHQVRUFDQSURYLGHWHDPZLWKDORW
RIXVHIXOLQIRUPDWLRQ6HJHUV
? 7KHLGHDOZRUNLQJUDQJHRIWKHW\UH
? 7KHWLPHQHHGHGWRJHWWKHWLUHXSWRFRUUHFWFRQGLWLRQV
? %DODQFHRIWKHFDU
? /DWHUDOORDGWUDQVIHU
? 7LUHFRPSRXQGDQGFRQVWUXFWLRQ
? 7LUHZHDU
? &DPEHU
? 7\UHSUHVVXUHV
? 6WHHULQJDQGVXVSHQVLRQJHRPHWU\
? 'ULYLQJVW\OH
)LJXUH/DWHUDOIRUFHYVVOLSDQJOHIRUGLIIHUHQWFDPEHUDQJOHV$VK
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
)LJXUH   6FKHPDWLF LOOXVWUDWLRQ RI WKH WKUHH WHUPV JRYHUQLQJ WKH VSHHG RI W\UH WHPSHUDWXUH
YDULDWLRQ
7KHILJXUHVKRZVWKHEDVLFLGHDRIKRZWHPSHUDWXUHLVJDLQHGDWWKHW\UHVXUIDFH7KLV
DSSURDFKKHOSXQGHUVWDQGZKDWLVWKHPRVWLPSRUWDQWIDFWRUWRLQIOXHQFHW\UHWHPSHUDWXUH7KH
HTXDWLRQH[SODLQWKHWKHRU\ZKLFKLVXVHGLQ&KDVVLVVLPODSWLPHVLPXODWLRQVRIWZDUH
 ?? ? ??
?? ?
??
?? ? ???? ? ? ? ??
? ? ??? ? ?? ? ??? ? ? ? ??? ? ????? ? ?????? ? ??? ? ???????

?? 7\UHGHQVLW\NJP$SSUR[LPDWHO\IRUUXEEHU
?? 7\UHVSHFLILFKHDW$SSUR[LPDWHO\IRUUXEEHU
+) +HDWIDFWRUPXOWLSOLHU&RUUHFWLRQIDFWRUWRGLDOLQW\UHKHDWLQSXW
)\ /DWHUDOW\UHIRUFH1
)[ /RQJLWXGLQDOW\UHIRUFH1
Y 9HORFLW\RIWKHW\UHPV
? 6OLSDQJOHUDGLDQV
65 6OLSUDWLR
. 7KHUPDOFRQGXFWLYLW\WRDLU
.WUDFN 7KHUPDOFRQGXFWLYLW\WRWUDFN 




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7+(25<
 6863(16,21
:KLOHWKHW\UHGHSHQGVRQWKHDUHDRILWVFRQWDFWSDWFKZLWKWKHURDGLWLVFRQWUROOHGZLWKWKH
VXVSHQVLRQ V\VWHPZKLFK HQVXUH WKLV 7KHPDLQWDLQLQJ D ODUJH FRQWDFW SDWFK LV D FKDOOHQJH
ZKLOH VXVSHQVLRQ FRQVWDQWO\ FKDQJHV LWV SRVLWLRQ WR URDG DEVRUELQJ EXPSV DQGXQGXODWLRQV
6XVSHQVLRQJHRPHWU\LVDOVRGHILQHVKRZWKHXQVSUXQJPDVVLVFRQQHFWHGWRWKHVSUXQJPDVV
DQG PRUH LPSRUWDQWO\ KRZ LW WUDQVIRUP WKH IRUFHV EHWZHHQ WKHVH WZR PDLQ SDUW RI D
YHKLFOH6PLWK-
7KH PRVW FRPPRQ OD\RXW RI VXVSHQVLRQ LQ )RUPXOD 6WXGHQW FRPSHWLWLRQ LV QRQSDUDOOHO
XQHTXDO GRXEOH ZLVKERQH V\VWHP ZLWK SXOOURG RU SXVKURG DFWXDWHG GDPSHUV YLD URFNHUV
7KLVLVWKHIRUPWKH78%UQR5DFLQJKDYHEHHQXVLQJVLQFHLWILUVWFDU7KLVHQDEOHVWKHIXOO
FRQWURORIZKHHOPRYHPHQW LQKXJHUDQJHRIGDPSLQJPRYHPHQW7KLV LVFRPPRQVROXWLRQ
IRURSHQZKHHOFDUVZKHUHLVDORWRIVSDFHWRDFFRPPRGDWHVXFKDVXVSHQVLRQJHRPHWU\,Q
URDG FDUV LW LV W\SLFDO WR XVH0DF3KHUVRQ V\VWHPZKLFK LV QRW DQ REMHFWLYH RI WKLV GLSORPD
WKHVLV7KHQRQSDUDOOHOXQHTXDOGRXEOHZLVKERQHV\VWHPZLWKSXOOURGDFWXDWHGGDPSHUVRQ
IURQWDQGSXVKURGOLQNDJHVRQWKHUHDUD[OHZDVXVHGRQWKHILUVWIRXUJHQHUDWLRQRI78%UQR
5DFLQJ'UDJRQFDUV7KH'UDJRQVROXWLRQLVVKRZQLQ)LJXUHDQG
 67((5,1**(20(75<
7KH VXEVWDQWLDO SDUW RI WKH ZKROH VXVSHQVLRQ JHRPHWU\ WDNHV WKH VWHHULQJ JHRPHWU\ 7KH
LPSRUWDQFHLVHDV\WRLPDJLQHDVWKHVWHHULQJZKHHOLVRQHRIWKHIHZFRQWUROOHUVZKLFKGULYHU
KDV7KHVWHHULQJJHRPHWU\LVLQIOXHQFHGZLWKWZRPDLQIDFWRUV?XVDJHRIW\UHDQGWUDFNWKH
FDU ZLOO UDFH RQ 7KH W\UH FKDUDFWHULVWLFV DQG WUDFN FRUQHU FKDUDFWHULVWLFV LQGLFDWHV WKH
GLUHFWLRQ LI WKH$FNHUPDQ DQWLDFNHUPDQRU SDUDOOHO VWHHULQJ JHRPHWU\ZLOO EH XVHG DOVR LW
KHOSWRGHILQHWKHFDVWRUDQGNLQJSLQLQFOLQDWLRQDQJOHDVLWGHILQHVWKHDPRXQWRIPHFKDQLFDO
WUDLODQGVFUXEUDGLXV'HILQLWLRQRIWKHVHSDUDPHWHUVLVH[SODLQHGLQ)LJXUH

 
)LJXUH)URQWYLHZ'UDJRQVXVSHQVLRQ
OD\RXW)URQWD[OHLVSXOOURGVROXWLRQ
)LJXUH5HDUYLHZ'UDJRQVXVSHQVLRQOD\RXW
5HDUD[OHLVSXVKURGVROXWLRQ
)LJXUH)URQW
VXVSHQVLRQSDFNDJLQJDQG
WHUPH[SODQDWLRQ0LOOLNHQ
	0LOOLNHQ
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)LJXUH5HVWRULQJPRPHQWGXHWRFRUQHULQJIRUFH$VK
7KH UHVWRULQJ PRPHQW GXH WR FRUQHULQJ IRUFH
GHSHQGV RQ WKH JHRPHWU\ RI XSULJKW UHVXOWLQJ
DPRXQW RI 0HFKDQLFDO WUDLO DQG RQ WKH
SQHXPDWLF WUDLO ZKLFK LV FKDUDFWHULVWLF RI W\UH
)LJXUH  $V WKH SQHXPDWLF WUDLO LV D YDOXH
ZKLFKLVFKDQJLQJZLWKVOLSDQJOH)LJXUH
DVZHOOLWLVWKHDUHDZKHUHWRLPSURYHWKHILQDO
VWHHULQJ UHVSRQVLYHQHVV 7KH SQHXPDWLF WUDLO
KHOSV GULYHU WR IHHO WKH HGJH RI WKH W\UH
FDSDELOLW\ DV WKH UHVLVWLQJ PRPHQW RI W\UH WR
FKDQJH LWV GLUHFWLRQ IDOOV WR WKH ]HUR 7KH
PHFKDQLFDO WUDLO GHFUHDVHV WKH DPRXQW RI
UHVXOWLQJSQHXPDWLF WUDLO VR WKDW LW LV DOZD\V LPSRUWDQW WR FRQVLGHU WKLV WZR YDOXHV DQG
EH DZDUHRIWKHP
??????????????? ? ???????????????? ? ??????????????? ? ??????????????
7\SLFDO )RUPXOD 6WXGHQW UDFH WUDFN LV YHU\ QDUURZ ZLWK ORW RI FRUQHUV 7KLV EULQJV WKH
GHFLVLRQWRXVH$FNHUPDQQVWHHULQJJHRPHWU\DVLWLPSURYHVWKHFRUQHUDELOLW\DWVPDOOVSDFH
2QWKHRWKHUKDQGZLWKFRQVLGHUDWLRQRIGLIIHUHQWODWHUDOIRUFHFRHIILFLHQWVDWGLIIHUHQWYDOXHV
RI QRUPDO IRUFH WKH UHYHUVH$FNHUPDQQ VWHHULQJ JHRPHWU\ ZRXOG EH XVHG 7KH UHYHUVH
$FNHUPDQQJHRPHWU\HQDEOHULJKWWKHRSSRVLWHWKDQ$FNHUPDQQJHRPHWU\7KHRXWHUVWHHUHG
ZKHHOLQ5HYHUVH$FNHUPDQQLVVWHHUHGZLWKJUHDWHUDQJOHWKDQWKHLQQHUZKHHO7KDWSURGXFH
JUHDWHUVOLSDQJOHRQWKHRXWHUPRUHORDGHGZKHHODQGXVHKLJKHUODWHUDOIRUFHDVLWFRXOGEH
VHHQLQILJXUHV?
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3QHXPDWLFWUDLO YV6OLSDQJOH
+RRVLHU[5%
)LJXUH3QHXPDWLF7UDLOFDOFXODWHGIURPVHOIDOLJQLQJPRPHQW'DWDPHDVXUHGE\&DOVSDQ7,)5
&DOVSDQ
)LJXUH$FNHUPDQ3DUDOOHODQG
5HYHUVH$FNHUPDQVWHHULQJJHRPHWU\
0LOOLNHQ	0LOOLNHQ
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7KH ODVWSDUDPHWHURI VXVSHQVLRQJHRPHWU\ WRGLVFXVV LVEXPSVWHHU7KHSURFHGXUHKRZ WR
HQVXUHWKHGHVLUHGEXPSVWHHULQWHUIHUHVLQWRWKHVXVSHQVLRQNLQHPDWLFVFKDSWHU1HYHUWKHOHVV
WKH EXPS VWHHU ZLOO EH GHVFULEHG LQ WKH VWHHULQJ JHRPHWU\ FKDSWHU 7KLV FKDUDFWHULVWLF
GHVFULEHVWKHVHOIVWHHULQJRIDZKHHOZKLOHEXPSRUUROOPRYHPHQWRIWKHFKDVVLV,QJHQHUDO
WKH]HURFKDQJHLVUHTXLUHG:KLOHFKDQJLQJWKHVXVSHQVLRQJHRPHWU\IRUWKHQH[WJHQHUDWLRQ
RI)RUPXOD6WXGHQW&DU'UDJRQLWZDVDQRWKHUYHU\LPSRUWDQWDVSHFWWRVWXG\DVLWFDQHDV\
LQIOXHQFH WKH YHKLFOH KDQGOLQJ :KHUHDV GULYHUV LQ WKH 78 %UQR 5DFLQJ WHDP DUH QRQ
SURIHVVLRQDOVLWLVUHDOO\LPSRUWDQWWREHDULQPLQGWRPDNHWKHFDUDVHDV\WRGULYHDVSRVVLEOH
+HQFHWKHUHTXLUHG]HUREXPSVWHHULVUHDOO\LPSRUWDQWWRHQVXUHOLQHDUUHVSRQVLYHQHVVZKLOH
GULYLQJWKHFDU
7RH[SODLQKRZWRGHVLJQWKHUHTXLUHGEXPSVWHHUWKHLQVWDQWFHQWUHVKRXOGEHGHVFULEHG7KH
LQVWDQWFHQWUHRULQVWDQWD[LVLQWKUHHGLPHQVLRQDOLVWKHSRLQWD[LVDURXQGZKLFKWKHZKHHO
DVVHPEO\ URWDWHV ,Q)LJXUHV? LV VKRZQ WKHEDVLFSULQFLSOH7KLVFRXOGEHVROYHG
ZLWKFRPSOLFDWHGPDWKHPDWLFDOHTXDWLRQRUGHVLJQHGZLWKVRPHNLQHPDWLFVRIWZDUH7KH7LH
5RG LV WKHPDLQ HOHPHQWZKLFK LQIOXHQFHV WKH EXPS VWHHU:KLOH LW LV ORFDWHG WRZDUGV WKH
LQVWDQWFHQWUH,QWHUVHFWLRQ3RLQWLWUHVXOWVLQ]HUREXPSVWHHU)LJXUH7RDLPWKH7LH
5RGXQGHUQHDWKRILQVWDQWFHQWUHEULQJVWKHEXPSLQFKDUDFWHULVWLFDV WKHZKHHOVDUHVWHHUHG
LQERDUGVWRHRXWLQWKHFDVHWKHVWHHULQJLVEHKLQGWKHD[OH2WKHUZLVHORFDWLRQWKH7LH5RG
D[LVDERYHWKHLQVWDQWFHQWUHVKRZVWKHEXPSRXWVROXWLRQ

)LJXUH=HUR%XPS6WHHUJHRPHWU\
)LJXUH%XPS,Q*HRPHWU\
)LJXUH%XPS2XW*HRPHWU\
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7+(25<
 6863(16,21.,1(0$7,&6
6XVSHQVLRQNLQHPDWLFV LVGLVFLSOLQHZKLFKVWXG\ WKHPRWLRQRIZKHHODJDLQVW WKHFKDVVLV ,W
GHVFULEHVWKHWUDQVIRUPRIIRUFHVWRFKDVVLVDFWLQJRQWKHZKHHO$VDQ\WKLQJLQVSDFHHYHQWKH
ZKHHOKDVGHJUHHVRIIUHHGRPGHVFULEHGLQ)LJXUH
7KHGHVLJQRIVXVSHQVLRQJHRPHWU\LVGLYLGHGLQWRWZRPDLQDUHDV7KHJHRPHWU\ZKLFKFDQ
EHVHHQLQIURQWUHDUYLHZDQGLQVLGHYLHZRIYHKLFOH%RWKRIYLHZXVHWKHVDPHFRQFHSWRI
WKRXJKWV
)URQW YLHZZDV GHVFULEHGZKLOH GHILQLQJ WKH
EXPS VWHHU 7KH XSSHU DQG ORZHU ZLVKERQH
GHILQHV WKHD[LV SODQHV LQ WKUHHGLPHQVLRQDO
DQGLQWHUVHFWLQVLQJOHSRLQWD[LV7KLVSRLQW
GHILQH WKH URWDWLRQDOPRYHPHQW RI WKHZKHHO
&RQQHFWLQJWKHFHQWUHRIW\UHFRQWDFWZLWKWKLV
SRLQWGHILQHV WKHUROOFHQWUHRI WKHVXVSHQVLRQ
RQ WKHYHUWLFDOD[LVRI WKHFDU7KHUROOFHQWUH
GHILQHV WKH SRLQW DURXQG ZKLFK WKH VSUXQJ
FKDVVLV ZLOO PRYH 7KH UROO FHQWUH PRYHV
GXULQJ EXPS DQG UROO RI WKH YHKLFOH )LJXUH
 7KH YHUWLFDO PLJUDWLRQ RI UROO FHQWUH
VKRXOG EH UHGXFHG WR HQVXUH WKH FDU
UHVSRQVLYHQHVV GXULQJ HYHU\ PDQRHXYUH
UHPDLQVWKHVDPH
7KH KRUL]RQWDO PLJUDWLRQ RI WKH UROO FHQWUH LV
FRQWUROOHGZLWKWKHOHQJWKRIYLUWXDOVZLQJDUP
OHQJWK 7KH OHQJWK RI YLUWXDO VZLQJ DUP DOVR
GHILQHV WKH FDPEHU FKDQJH RI WKH ZKHHO &DPEHU FKDQJH LV WKH GLIIHUHQFH LQ DPRXQW RI
FDPEHUGXULQJEXPSRUUROO7KLVHQDEOHVWKH
W\UH WREH LQ WKHULJKWSRVLWLRQ WRJURXQGHYHQ
LQFRUQHULQJ
)LJXUH'HJUHHVRIIUHHGRPDQGVXVSHQVLRQPRWLRQGHILQLWLRQ0LOOLNHQ	0LOOLNHQ
)LJXUH7KHLQWHUVHFWLRQSRLQWDQGUROOFHQWUH
GHILQLWLRQ$VK
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
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
7+(25<
6LGHYLHZRIYHKLFOHHQDEOHVWRVWXG\WKHPRWLRQVDQGIRUFHVLQWKHIRUHDIWGLUHFWLRQ7KHWZR
PRVWLPSRUWDQWFKDUDFWHULVWLFVRIVLGHYLHZNLQHPDWLFVDUH$QWLGLYHDQG$QWLVTXDWIHDWXUHV
$QRWKHUIHDWXUHLVDQWLOLIWIRUIURQWZKHHOGULYHFDU
6LPLODUO\WRIURQWYLHZWKHDPRXQWRIDQWLGLYHRUDQWLVTXDGLVJLYHQE\WKHYLUWXDOVZLQJDUP
OHQJWKVYVDDQGWKHDQJOHZKLFKLWIRUPVEHWZHHQWKHJURXQGDQGWKHOLQHFRQQHFWLQJFHQWUH
RIFRQWDFWSDWFKDQGLQWHUVHFWLRQSRLQWDVLQ)LJXUH7KHDPRXQWRIVXFKDIHDWXUH
GHSHQGVRQLWVSRVLWLRQWRFHQWUHRIJUDYLW\SRVLWLRQ
)LJXUH6LGHYLHZRIYHKLFOHNLQHPDWLFV'HILQLWLRQRIVLGHYLHZYLUWXDODUP0LOOLNHQ	0LOOLNHQ

7KHYHU\VDPHVLWXDWLRQEXWIRUWKHUHDUD[OHWKDWPHDQVIRUDQWLVTXDWIHDWXUHLVGHVFULEHGLQ
)LJXUH  ,Q WKDW ILJXUH LW LV RQFH DJDLQ VKRZQ WKH LPSRUWDQFH RI &HQWUH RI *UDYLW\
SRVLWLRQ7KH&HQWUHRI*UDYLW\UHSUHVHQWVWKHPDVVRIWKHYHKLFOH,QWHUVHFWLRQSRLQWLVDSLYRW
DURXQGZKLFKWKDWPDVVURWDWHV7KHUHIRUHWKHPRPHQWLVDFWLQJRQWKHZKROHFDU*HQHUDOO\
LWLVXVHGWRGHVFULEHDPRXQWRIWKHVHDQWLIHDWXUHVLQSHUFHQWDJH7KLVLVGHVFULEHGLQ)LJXUH

,I WKH GHVLJQLQJ WHDP NQRZ WKH &HQWUH RI *UDYLW\ KHLJKW DW WKH EHJLQQLQJ RI NLQHPDWLFV
GHVLJQLWLVSRVVLEOHWRGHFLGHWKHDPRXQWRIDQWLIHDWXUHVYHU\DFFXUDWHO\8QIRUWXQDWHO\WKLV
LVQRWWKHFDVHLQJHQHUDODVWKHILQDOKHLJKWRI&HQWUHRI*UDYLW\LVNQRZQDIWHUWKHFDULVDW
OHDVWSURSHUO\PRGHOOHGXS LQD&$'VRIWZDUH7KHXVXDODSSURDFK LV WRSUHGLFW WKLVKHLJKW
DFFRUGLQJ WR KLVWRULFDO GDWD DQG VRPH SUHGLFWLRQ 7KH JRRG ZD\ LV WR GHVLJQ GLIIHUHQW
DWWDFKPHQWSRLQWVIRUZLVKERQHVWRKDYHDSRVVLELOLW\WRFKDQJHWKLVFKDUDFWHULVWLFVLQDUDQJH
)LJXUH9LUWXDO6ZLQJ$UPDQG&DPEHUFKDQJH
'HILQLWLRQ$VK
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
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
7+(25<
)URPWKHGHILQLWLRQRIDQWLGLYHRUDQWLVTXDWIHDWXUHVLWLVSRVVLEOHWRGHVLJQWKHNLQHPDWLFV
ZLWKRIVXFKDIHDWXUH7KDWPHDQVWKDWWKHZKROHPDVVRIFDUGXULQJDFFHOHUDWLQJRU
EUDNLQJHYHQWVLVWUDQVIRUPHGWRDFRQWDFWSDWFKRQO\YLDZLVKERQHV7KHFDULVQRWSLWFKLQJLQ
DQRWKHUZD\7KLVFRXOGEHSRVLWLYHIURPDHURG\QDPLFVSRLQWRIYLHZDVWKHULGHKHLJKWLV
DEVROXWHO\FUXFLDOIRUDHURG\QDPLFVSHUIRUPDQFH2QWKHRWKHUKDQGWKHGULYHULVQRWDEOHWR
IHHOWKHFDUDVWKHFDUEHFRPHVGLJLWDOIRUGULYHU(VSHFLDOO\LQ)RUPXOD6WXGHQWLWLV
QHFHVVDU\DVGULYHUVDUHQRWSURIHVVLRQDOVWRGHVLJQWKHFDUHDV\WRGULYH
7KLVLVRQHRILGHDVZKLFKLQIOXHQFHGWKHGHVLJQSDWKRI'UDJRQIURQWZLQJIRUH[DPSOH,Q
WKHZD\WKHFDUVKRXOGEHUHVSRQVLEOHHQRXJKIRUWKHGULYHUWKHUROOJUDGLHQWRIWKHFDULVOLWWOH
ELWKLJKHUFRPSDUHWRDHURG\QDPLFFDUV5ROOJUDGLHQWLVGLVFXVVHGODWHULQWKLVFKDSWHU
7KHZKROHFRQFHSWRIUDFLQJFDUGHSHQGVRQDIHZFRPSURPLVHV7KHFRPSURPLVHRIDQWL
IHDWXUHVKHQFHLVWRGHOLYHUJRRGIHHOLQJIRUWKHGULYHUZLWKDOLWWOHRIPRYHPHQWZKLOH
SLWFKLQJDQGUROOLQJPRYHPHQWV

)LJXUH$QWLVTXDWIHDWXUHDQG7RUTXHUHDFWLRQGHILQLWLRQ
0LOOLNHQ	0LOOLNHQ
)LJXUHIUHHERG\GLDJUDPRIDYHKLFOHZLWKDQWLGLYHIHDWXUHLQYROYHG0LOOLNHQ	0LOOLNHQ

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
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
7+(25<
 /2$'75$16)(5
,Q W\UH WKHRU\ ZDV GLVFXVVHG KRZ LPSRUWDQW LV WR WDNH FDUH DERXW WKH FRQWDFW SDWFK 7KH
FRQWDFWSDWFKLVWKHXOWLPDWHSODFHZKHUHWKHZKROHPDVVRIDFDULVWUDQVPLWWHGRQWRDURDG
:KLOHWKHW\UHLVORDGVHQVLWLYHWKHDLPLVWRHTXDOIRUFHVDFWLQJRQW\UH,QSUHYLRXVFKDSWHU
WKHGULYHDELOLW\RIFDUZDVGHVFULEHG
/RDG WUDQVIHU LVFORVHO\ UHODWHG WRERWKRI WKLVSKHQRPHV)URPWKH W\UHVSRLQWRIYLHZLW LV
EHQHILFLDOWRHTXDOWKHIRUFHVHVSHFLDOLQFRUQHULQJHYHQWV,QWKLVVLWXDWLRQWKHEHVWZD\KRZ
WRDFKLHYHWKLVLVWRORZHUWKH&HQWUHRI*UDYLW\:KLOHWKHFDULVOLPLWHGLQWKLVUHTXLUHPHQWV
LWLVXVHIXOWRPDNHWKHPRVWRIDQWLUROOEDUV$QWLUROOEDUVKHOSWRHTXDOWKHIRUFHVDFWLQJLQ
OHIWULJKWW\UHV?FRQWDFWSDWFKHV
:KLOHWKHFHQWUHRIJUDYLW\LVVRPHWKLQJZKLFKLVOLPLWHGE\DFDUGHVLJQ:HFDQLQIOXHQFH
WKHFHQWUHRIJUDYLW\KHLJKWMXVWWRDSRLQWZKHUHLWVWDUWVWREHYHU\GLIILFXOWWRJHWLWORZHU
%DVLFDOO\ WKHOLPLWDWLRQFDQEHLPDJLQDWLRQRUEXGJHW:KDWFDQEHFRQWUROOHGLVUROOFHQWUH
KHLJKW SRVLWLRQ DQG LWV PLJUDWLRQ LQ EXPS RU UROO PRYHPHQW 7KH SRVLWLRQ RI UROO FHQWUH
DFFRUGLQJWRFHQWUHRIJUDYLW\LVLPSRUWDQW
,IUROOFHQWUHLVDWWKHVDPHKHLJKWDVFHQWUHRIJUDYLW\DOOFRUQHULQJIRUFHVDUHWUDQVIRUPHGYLD
VXVSHQVLRQOLQNVZLVKERQHV ,QWKLVFDVHDUHGDPSHUVVSULQJVDQGDQWLUROOEDUVMXVWDGGHG
ZHLJKW LQ UROO PRYHPHQW 7KLV LV XQLQWHQGHG DV WKH FDU ZLOO EH MDFNLQJ RQ WZR ZKHHOV LQ
FRUQHUVLPPHGLDWHO\7KDWPHDQVWKDWHYHQVWUDLQJDXJHVZLOOPHDVXUHQRIRUFHLQSXOOURGVRU
SXVKURGVIRUH[DPSOH
2Q WKHRSSRVLWHH[WUHPHVLWXDWLRQ UROO FHQWUH LV EHORZJURXQG(YHQKHUH WKH MDFNLQJHIIHFW
ZLOODSSHDU?VXVSHQVLRQZLOOJRLQWREXPS3DUWUROOHIIHFWLVDEVRUEHGFRQWUROOHGE\VSULQJV
GDPSHUVDQGDQWLUROOEDUV+RZHYHUWKLVFRQILJXUDWLRQLVVWLOOQRWWKHLQWHQGHGRQH
)LJXUHUROOFHQWUHDW
WKHFHQWUHRIJUDYLW\
LQWURGXFHRQO\MDFNLQJ
HIIHFW0RYHPHQWLV
WUDQVIHUUHGRQO\YLD
ZLVKERQHV$VK+
)LJXUHDQRWKHU
XQLQWHQGHGVLWXDWLRQLVUROO
EHQHDWKWUDFNVXUIDFH7KLV
VLWXDWLRQEULQJVMDFNLQJ
HIIHFWDVZHOO,W
GHPRQVWUDWHVDVVXVSHQVLRQ
EXPS$VK+
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7+(25<
&DUROO6PLWKDGYLFHVLQKLVERRN6PLWK&WRGHVLJQUROOFHQWUHWREHDFWLQJDVORZDV
SRVVLEOHWRJURXQGEXWQRWWRJRXQGHUWUDFNVXUIDFH7KLVFRQILJXUDWLRQGHOLYHUDVORZMDFNLQJ
HIIHFWDVSRVVLEOHDQGLQWHQGHGVHQVLWLYLW\RIVSULQJVDQGDQWLUROOEDUV
 
)LJXUH6LWXDWLRQ
ZKLOHWKHUROOFHQWUH
ZRUNVLQUDQJHEHWZHHQ
JURXQGDQGFHQWUHRI
JUDYLW\GHOLYHUVXVSHQGHG
PDVVUROODQGMDFNLQJ
HIIHFWDVZHOO+RZHYHU
WKLVVLWXDWLRQLVWKHEHVW
RSWLRQ$VK+
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
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
7+(25<
 $(52'<1$0,&6
2QFH DJDLQ WKH LQWURGXFWLRQ
DERXW DHURG\QDPLFV KDV WR
VWDUW ZLWK W\UH 5DFLQJ FDUV
DUH GHVLJQHG WR SURGXFH DV
KLJK DFFHOHUDWLRQ DV SRVVLEOH
$IWHUWKHVWDUWSURFHGXUHWKHUH
LV QRSODFH LQ UDFHZKHUH WKH
FDULVDWDFRQVWDQWPRYHPHQW
7KHUH DUH D IHZ H[FHSWLRQV
3LW VWRS VDIHW\ FDU DQG
PD[LPXP VSHHG ,Q HYHU\
RWKHU PRPHQW WKH FDU LV
DFFHOHUDWLQJVRPHKRZ
:KLOHWKHFDULVLQFUHDVLQJRU
GHFUHDVLQJ VSHHG FRQVWDQWO\
WKH RQO\ WKLQJ ZKLFK WUDQVIHU
WKLV ORDGV LV W\UH 7R EH
SUHFLVH IRXU W\UHV ,Q WKH ILUVW
SDUWRIWKLVFKDSWHUW\UHWKHRU\
ZDV LQWURGXFHG 2QH RI WKH
PRVW LPSRUWDQWIDFW LV WKDW WKH
W\UH LV ORDG VHQVLWLYH :LWK
KLJKHU QRUPDO IRUFH WKH W\UH FDQ SURGXFH KLJKHU ODWHUDO RU ORQJLWXGLQDO IRUFH 2QH RI WKH
VROXWLRQFRXOGEHGHVLJQDKHDY\FDU%XWWKLVLVDQRQVHQVHDVWKHFDUZRXOGKDYHWREHPRUH
SRZHUIXODQGWKHFRUQHULQJDELOLWLHVZRXOGEHZRUVH7KHEHVWSRVVLEOHZD\KRZWRLQFUHDVH
IRUFHLQFRQWDFWSDWFKRIDW\UHLVWRGHOLYHUDHURG\QDPLFSDFNDJHRQWKHFDU
,QWKLVFKDSWHUWKHEULHIWKHRU\ZLOOEHLQWURGXFHG,WLVEH\RQGWKLVGLSORPDWKHVLVWRSUHVHQW
DOODHURG\QDPLFVWKHRU\7KHUHZLOOEHDHURG\QDPLFVSDUWVRI'UDJRQPRQRSRVWGHVFULEHG
WKH LPSRUWDQFH RI IRUFHV DQG PRPHQW DQDO\VLV DQG &)' SURFHVV ZKLFK KDV EHHQ XVHG WR
GHYHORS WKLV SDFNDJH 7KH PDLQ LQWHUHVW IRU IXUWKHU DQDO\VLV LV LQ IRUFHV DFWLQJ RQ W\UHV
0HDVXUHPHQWDQGGHHSDQDO\VLVDUHVKRZQDQGH[SODLQHGLQFKDSWHURIWKLVGLSORPDWKHVLV
1RDHURG\QDPLFVRIFRROLQJWKHHQJLQHRUEUDNHVDUHLQWURGXFHGLQWKLVFKDSWHU
:KLOH WKH UDFLQJ FDU UXQ RQ WKH WUDFN LW UXQV WKURXJK DLU ? IOXLG WKH %HUQRXOOL?V ODZ FDQ
GHVFULEHWKHDHURG\QDPLFHIIHFWV$HURIRLOVRQUDFLQJFDUVDUHFKRVHQWRSURYLGHDVKLJKOLIW
FRHIILFLHQWDVSRVVLEOH)RUPXOD6WXGHQWWUDFNVDUHEDVHGWRHQDEOHURXJKO\NSKYHORFLW\LQ
DYHUDJH7KHUHIRUHWKHGUDJFRHIILFLHQWLVQRWDVLPSRUWDQWKHUH)U\VWDN
)LJXUH'UDJRQDHURG\QDPLFSDFNDJHXVHVIURQWDQGUHDU
WZRHOHPHQWZLQJVDQGXQGHUWUD\ZLWKGLIIXVHU:KLOHWKH
DHURG\QDPLFSDFNDJHLVYHU\ILUVWLQ78%UQR5DFLQJKLVWRU\WKH
VLPSOLFLW\ZDVRQHRIWKHPDLQWDUJHWV:LWKQRH[SHULHQFHZLWK
PDQXIDFWXULQJRIWKLVSDUWVWKHVDPHDHURIRLOVZHUHXVHGIRUWKH
IURQWDQGWKHUHDUZLQJ'LIIXVHUWXQQHOVKDVEHHQSUHSDUHGRQO\
E\WHDPPHPEHUVZLWKRXWDQ\PDFKLQHKHOS
)LJXUH%DVHGRQ
%HUQRXOOL
VH[SODQDWLRQ
ZKHUHWKHDLUWUDYHOV
IDVWHUWKHUHLVORZHU
SUHVVXUH0F%HDWK

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7+(25<
'UDJRQKDVWZRPDLQDHURG\QDPLFSDUWV:LQJVDQGXQGHUWUD\ZLWKGLIIXVRUV7ZRHOHPHQW
ZLQJV WU\ WR DFKLHYH KLJK SUHVVXUH GLIIHUHQFH DURXQG WKH DHURIRLO 2Q UDFLQJ FDUV WKH
FRQILJXUDWLRQLVWRSURYLGHDVQHJDWLYHOLIWFRHIILFLHQWDVSRVVLEOHGRZQIRUFH)LJXUH
8QGHUWUD\ZLWKGLIIXVRUVFDQEHH[SODLQHGZLWK%HUQRXOOL?VODZDVZHOO6SHFLILFDOO\LWFDQEH
GHVFULEHGDVDYHQWXULWXEHVKRZQLQ)LJXUH:LWKWKHVDPHH[SODQDWLRQIURPDHURIRLOV
WKDWKLJKHUVSHHGPHDQVORZHUSUHVVXUHWKHYHQWXUHHIIHFWFDQEHXQGHUVWDQG
 
)LJXUHSUHVVXUHGLVWULEXWLRQRQWKHVXUIDFHVRID
ZLQJ,QRYHUDOOWKHORZHUVXUIDFHSURYLGHVKLJKHU
SUHVVXUH+HQFHWKHUHVXOWLQJSUHVVXUHIRUFHDLPV
WRZDUGVWKHJURXQGDQGJHQHUDWHVGRZQIRUFH
0F%HDWK
)LJXUH6FKHPDWLFRIYHQWXULWXEHWKLVFRQILJXUDWLRQFDQEHIRXQGLQ
DFDUEXUHWWRUFKRNHWXEH:HFDQLPDJLQHWKDWUDFHFDUXQGHUWUD\LVKDOI
RIWKLVWXEHDVLVVKRZQZLWKUHGOLQH0F%HDWK
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)RUSXUSRVHRIWKLVGLSORPDWKHVLVWKHDHURG\QDPLFEDODQFHLVWKHPRVWLPSRUWDQWSDUDPHWHU
2QUDFLQJFDUWKHUHLVYHU\LPSRUWDQWWRGHOLYHUH[DFWDGGHGZHLJKWGRZQIRUFHLQUHVSHFWRI
ZHLJKWGLVWULEXWLRQ,QFKDSWHUWKHDHURG\QDPLFPHDVXUHPHQWDUHVKRZQDQGH[SODLQHG2Q
WKHUDFHFDUXQGHUUHDOFRQGLWLRQWKHRQO\ZD\KRZZHFRXOGPHDVXUHWKHGRZQIRUFHDUH
GDPSHUSRVLWLRQVHQVRUV:KLOHZHNQRZLQVWDOODWLRQUDWLRRIGDPSHUVDQGVSULQJVWLIIQHVVLW
LVSRVVLEOHWRFDOFXODWHIRUFHZKLFKLVDFWLQJLQW\UHFRQWDFWSDWFK
7KHRQO\SRVVLEOHZD\IRUVXFKDVPDOO)RUPXOD6WXGHQWWHDPWRGHYHORSDHURSDFNDJHLVWR
PDNH WKH PRVW RI &)' &RPSXWDWLRQDO )OXLG '\QDPLFV 7KLV PHWKRG HQDEOHV WR WHVW WKH
DHURG\QDPLFEHKDYLRXURIWKHFDUZLWKRXWQHFHVVLW\WRJRWRZLQGWXQQHO,WFDQQRWUHSODFHWKH
UHDOPHDVXUHPHQWKRZHYHUORWRIVWHSVFDQEHVLPXODWHGZLWKWKLVWRRO
7KHUH VKRXOG EH FRUUHODWLRQ EHWZHHQ &)' VLPXODWLRQV DQG ZLQG WXQQHO WHVW SURYLGHG
1RQHWKHOHVV 78%UQR5DFLQJ GR QRW KDYH DQ\ SRVVLELOLW\ WR XQGHUWDNH DZLQG WXQQHO WHVW
7KLV OHG WR FRUUHODWH WKH GDWD LQ UHDO FRQGLWLRQ DW ORFDO DJULFXOWXUDO DLUSRUW
)LJXUH0RPHQWVDQGIRUFHVZKLFKDUHDFWLQJRQDFDUZLWKDHURG\QDPLFSDFNDJH7KH
PRVWLPSRUWDQWDUHWKHUHVXOWLQJIRUFHLQW\UHVFRQWDFWSDWFK7KLVIRUFHFDQEHPHDVXUHGZLWK
GDPSHUSRVLWLRQVHQVRUV
)LJXUH'&)'VLPXODWLRQRIWZRHOHPHQW
ZLQJV2QWKHULJKW)LJXUHWKHVWDWLF
SUHVVXUHZLWKJXUQH\IODSRQWKHZLQJLVVKRZQ
%512	+$7),(/'
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)LJXUH'UDJRQ&)'
VLPXODWLRQLQ'7KH
YLVXDOL]DWLRQRI'DLUIORZ
HQDEOHVWRXQGHUVWDQGKRZWKH
DHURG\QDPLFVLQIOXHQFHWKHZKROH
FDU
)LJXUH'UDJRQKDVXQGHUWDNHQ
H[WHQVLYHGHYHORSPHQWDFFRUGLQJWRQHZ
UXOHV)ORZYLVXDOLVDWLRQLVFRORXUHGZLWK
SUHVVXUHGLVWULEXWLRQ
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 .,1(0$7,&6
7KHNLQHPDWLFVKDYHDOZD\VEHHQDVWURQJSDUWRI78%UQR5DFLQJFDUV7KHUHDVRQZK\WKH
FRQFHSWKDGEHHQWKHVDPHEHIRUHWKH'UDJRQZDVODFNRIWHVWNLORPHWUHVDQGWKHUHIRUHODFN
RI H[SHULHQFH DQG GDWD +HQFH WKH GHFLVLRQ WR FKDQJH UDSLGO\ DQ\WKLQJ RQ WKH FDU ZDV
LQDSSURSULDWH'UDJRQUXQPRUHWKDQNLORPHWUHVLQVHDVRQ:LWKDJUHDWDPRXQWRI
DQDO\VHGGDWDWKHGHFLVLRQFRXOGEHPDGH
 '5$*21?&21&(37
6LQFHWKHEHJLQQLQJRI78%UQR5DFLQJKLVWRU\WKHFRQFHSWRIVXVSHQVLRQKDGEHHQWKHVDPH
1RQSDUDOOHOXQHTXDOGRXEOHZLVKERQHOD\RXWZLWKSXOOURGRQIURQWVXVSHQVLRQDQGSXVKURG
RQWKHUHDU
)LJXUH6XVSHQVLRQOD\RXWRI'UDJRQPRQRSRVW
%512	+$7),(/'
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7KHUHDVRQZDVWRORZHUFHQWUHRIJUDYLW\DVPXFKDVSRVVLEOHRQWKHIURQWDQGWRPDNHXVHRI
WKHVSDFHDWWKHUHDUVLGHRIWKHFDUDERYHWKHHQJLQH
0DLQ LGHDRI WKLVNLQHPDWLF OD\RXWZDV WRGHOLYHUUHVSRQVLEOHFDUZKLFK LVHDV\ WRGULYHIRU
DQ\GULYHU,Q)RUPXOD6WXGHQWWKHUHDUHQRQSURIHVVLRQDOUDFLQJGULYHUVZKLFKPHDQVWKHFDU
VKRXOGEHHDV\WRFRQWURODQGHDV\WRUHDGIRUVXFKDGULYHUV
%RWK FRQFHSWVZHUH DQDO\VHG LQ/RWXV6XVSHQVLRQDQDO\VLV VRIWZDUH6KDUN:KLOH WKH W\UHV
UHPDLQWKHVDPHIRUHYHU\FRQFHSWWKHLQLWLDOSDUDPHWHUVDUHVKRZQLQ)LJXUH
GENERAL DATA VALUES '?'
TYRE ROLLING RADIUS (mm) 264.16 
WHEELBASE (mm) 1600 
C OF G HEIGHT (mm) 310 
BUMP TRAVEL (mm): 27.5 
REBOUND TRAVEL (mm): 42.5 
ROLL ANGLE (deg): 3.5 
STEERING TRAVEL (mm): 42.75 
)LJXUH*HQHUDO'DWD9DOXHVRI'UDJRQFRQFHSW
FRONT SUSPENSION 
 
STATIC VALUES D1 – D4 
Camber Angle (deg) 0 
Toe Angle {Plane} (deg) 0 
Toe Angle {SAE} (deg) 0 
Castor Angle (deg) 7.98 
Castor Trail (hub) (mm) 12.55 
Castor Offset (grnd) (mm) 24.47 
Kingpin Angle (deg) 8.04 
Kingpin Offset (w/c) (mm) 52.75 
Kingpin Offset (grnd) (mm) 15.43 
Mechanical Trail (grnd) (mm) 24.23 
ROLL CENTRE HEIGHT (mm) 23.01 
)LJXUH)URQW6XVSHQVLRQVWDWLFYDOXHVRI'UDJRQFRQFHSW
 
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REAR SUSPENSION 
STATIC VALUES D1 – D4
Camber Angle (deg) 0 
Toe Angle {Plane} (deg) 0 
Toe Angle {SAE} (deg) 0 
Castor Angle (deg) -12.93 
Castor Trail (hub) (mm) -28.41 
Castor Offset (grnd) (mm) -32.22 
Kingpin Angle (deg) 2.1 
Kingpin Offset (w/c) (mm) 53.78 
Kingpin Offset (grnd) (mm) 44.52 
Mechanical Trail (grnd) (mm) -31.4 
ROLL CENTRE HEIGHT (mm) 62.35 
)LJXUH5HDU6XVSHQVLRQVWDWLFYDOXHVRI'UDJRQ?
 )52176863(16,21%803&+$5$&7(5,67,&6
)LJXUH&DPEHU
FKDQJH'UDJRQ
)LJXUH%XPSVWHHU
FKDUDFWHULVWLFOHVVLV
EHWWHUDVWKHGULYHUFDQIHHO
WKHVWHHULQJVWLOOWKHVDPH
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)LJXUH&DVWRUDQJOH
FKDQJH
)LJXUH.LQJSLQDQJOH
FKDQJH
)LJXUH,QVWDOODWLRQ5DWLRLVFUXFLDOIURPWKHEHJLQQLQJRI
VXVSHQVLRQGHVLJQ,WFRQWUROVWKHDPRXQWRIZKHHOIRUFHWR
GDPSHUVWUDQVIHU7KDWPHDQVWKH,5RUPRWLRQUDWLR
GHWHUPLQHVULGHUDWHVIUHTXHQFLHVRIVXVSHQVLRQ
%512	+$7),(/'
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 
)LJXUH$QWL'LYHFKDUDFWHULVWLFVVKRZKRZWKHFDULVVHQVLWLYH
WR ORDG WUDQVIHU GXULQJ EUDNLQJ HYHQW 7KH WRWDO DPRXQW RI ORDG
WUDQVIHUUHPDLQVDOZD\VWKHVDPH$QWLGLYHFRQWUROVKRZPXFKRI
ZHLJKW LV WUDQVIHUUHG YLD VXVSHQVLRQ RU MXVW YLD FKDVVLV
ZLVKERQHV
)LJXUH5ROO&HQWUHKHLJKWWRERG\
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 )52176863(16,2152//&+$5$&7(5,67,&6
)LJXUH&KDPEHUFKDQJHRIVXVSHQVLRQLVLPSRUWDQWIURPWKH
W\UHVSRLQWRIYLHZ,WLVLPSRUWDQWWRNHHSWKHW\UHLQWKHLGHDOSRVLWLRQ
DVPXFKDVSRVVLEOH+HUHWKHFDPEHUWUXVWLVWDNHQLQWRDFFRXQWDV
ZHOO
)LJXUH6LPLODUO\WR
EXPSVWHHULWLV
LPSRUWDQWWRUHGXFHWKLV
FKDQJHDVPXFKDV
SRVVLEOHWRGHOLYHU
GULYHUFRQILGHQFHLQ
VWHHULQJGXULQJ
FRUQHULQJ
)LJXUH&DVWRU
&KDQJH
%512	+$7),(/'
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 
)LJXUH.LQJSLQFKDQJH )LJXUH&KDQJHRIUROOFHQWUHSRVLWLRQLQ<
GLUHFWLRQ
)LJXUHWRGHOLYHUVWDEOHUROOFHQWUHKHLJKWLV
YHU\LPSRUWDQW,IWKLVFKDUDFWHULVWLFLVVWDEOHLW
PHDQVWKDWORDGWUDQVIHUGXULQJFRUQHULQJSKDVH
UHPDLQVWKHVDPH+HQFHWKHGULYHUFDQEHOLHYH
WKHFDUDVLWUHVSRQVHVFRQVWDQWO\VDPH
)LJXUHGXULQJFRUQHULQJHYHQWKHKDOIWUDFNLV
FKDQJHGOLWWOHELW,QWKLVFDVHLWLVYHU\VPDOO
FKDQJH
)LJXUH:KHHOEDVHLVFKDQJHGOLWWOHGXULQJ
UROOPRYHPHQW
%512	+$7),(/'
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 5($56863(16,21%803&+$5$&7(5,67,&6
)LJXUH&DPEHU
FKDQJHRIWKHUHDU
VXVSHQVLRQFRXOGEH
VPDOOHUDFFRUGLQJWR
VPDOOHUORDGWUDQVIHU
GXULQJEUDNLQJLQWRD
FRUQHUDQGFRUQHULQJ
SKDVHLWVHOI
)LJXUH(YHQDWUHDUVXVSHQVLRQLWLVLPSRUWDQW
WRGHOLYHUDVVPDOOEXPSVWHHUDVSRVVLEOH
)LJXUH,QVWDOODWLRQUDWLRRIUHDUVXVSHQVLRQ+LJKHU
ULGHIUHTXHQF\GHOLYHUHDVLHUGULYHDELOLW\WKURXJKEXPSV
IRUGULYHU
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


.,1(0$7,&6
 
)LJXUH$QWLVTXDWFKDUDFWHULVWLFVDUH
LPSRUWDQWIRUORDGWUDQVIHUXQGHUDFFHOHUDWLRQ
)LJXUH5ROOFHQWUHKHLJKWWRERG\
FKDUDFWHULVWLFV
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 5($56863(16,2152//&+$5$&7(5,67,&6
)LJXUH
&DPEHUFKDQJHLQ
UROO7KLV
FKDUDFWHULVWLFKDV
WRHQDEOHWKHW\UHWR
EHLQLGHDOSRVLWLRQ
DFFRUGLQJWRURDG
VXUIDFH
)LJXUH5ROO
VWHHUFKDUDFWHULVWLF
KDVWREHDVVPDOODV
SRVVLEOHWRJLYHWKH
GULYHUFRQILGHQFHLQ
VWDEOHFRUQHULQJ
EHKDYLRXU
)LJXUHVDPHDVDWIURQWVXVSHQVLRQLWLVYHU\
LPSRUWDQWWRGHOLYHUDVVPDOOFKDQJHRIUROOFHQWUHKHLJKW
DVSRVVLEOH7KLVGHOLYHUWKHFRQVWDQWORDGWUDQVIHU
FKDUDFWHULVWLFVLQFRUQHULQJ
%512	+$7),(/'
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 67((5,1*&+$5$&7(5,67,&6 
)LJXUH:KHHOEDVHFKDQJHRIUHDU
VXVSHQVLRQZKLOHUROOLQJ )LJXUH+DOIWUDFNFKDQJHRIUHDUVXVSHQVLRQZKLOHUROOLQJ
)LJXUH$FNHUPDQQUDGLXVGHWHUPLQHVKRZ
PXFKLVLQQHUZKHHOVWHHUGLIIHUHQWO\FRPSDUHWR
RXWHUZKHHO
)LJXUH7XUQLQJUDGLXVLQPP
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 '5$*21,668(6
'XULQJVHDVRQ'UDJRQUXQPRUHWKDQNP7KHFDUZDVWHVWHGDORWEHIRUHWKHILUVW
FRPSHWLWLRQ DW )RUPXOD6WXGHQW*HUPDQ\2QHRI WKH IHDWXUHV RI'UDJRQ FDUV DUH GLIIHUHQW
PRXQWLQJSRLQWVRIZLVKERQHV7KDWPHDQVGLIIHUHQW FKDUDFWHULVWLFV FRXOGEH WHVWHG'XULQJ
WHVWLQJ WHDP FRXOG XQGHUVWRRG PRUH WKH W\UHV 7KH EDVLF VHWXS IURP  VHDVRQ ZDV
LPSURYHGDORW
2QHRIWKHLVVXHVZDVWXUQLQPRYHPHQW7KHFDUKDGGLIILFXOWLHVZLWKWXUQLQXQGHUVWHHU$V
WKHEUDNHEDODQFHZDV WHVWHGDQG UHVXOWVZDV VDWLVI\LQJ WHDPGHFLGHG WR WU\GLIIHUHQW WRHLQJ
FKDUDFWHULVWLFV(YHQWXDOO\WKHWRHRXWRIIURQWZKHHOVZDVPPRIGLIIHUHQFH7KLVLVTXLWHD
ORW7KDWUHVXOWHGLQGHFLVLRQWRFRQVLGHUGLIIHUHQW$FNHUPDQQUDGLXVIRUQH[WJHQHUDWLRQ
$OPRVWHYHU\VHWXSSRVVLELOLW\ZDVWULHGGXULQJWKHWHVWVHDVRQ7KHFDUZDVHDV\WRGULYHIRU
HYHU\GULYHUEXWWKHUHZHUHVRPHOLPLWDWLRQV5DFLQJFDULVYHU\FRPSOH[PDFKLQH(YHU\WKLQJ
LQIOXHQFHVHYHU\WKLQJHOVH)URPNLQHPDWLFSRLQWRIYLHZWKHELJJHVWFKDOOHQJHZDVUHDULQQHU
ZKHHOOLIWGXULQJFRUQHULQJSKDVH
7KH UHVW RI SUREOHPV ZHUH FRQQHFWHG WR YHKLFOH FHQWUH RI JUDYLW\ $W )RUPXOD 6WXGHQW
+XQJDU\ WKHFDU IRXQG LWV HGJH DV WKH WUDFN VXUIDFH LV FRQFUHWH3UREDEO\ WKHKHLJKWRI UROO
FHQWUHVKDQGLQKDQGZLWKUHODWLYHO\KLJKFHQWUHRIJUDYLW\FDXVHGWKHKLJKMDFNLQJHIIHFW,Q
RWKHUZRUGVHYHU\VLQJOHFRUQHUWKHFDUZDVUXQQLQJRQWZRZKHHOV

)LJXUH)RUPXOD6WXGHQW+XQJDU\WKSODFHLQ(QGXUDQFHZKLOHWKHFDUZDVFRUQHULQJRQO\RQ
WZRZKHHOV
(YHQZLWKWKLVOLPLWDWLRQWKH78%UQR5DFLQJILQLVKHGWKLQ(QGXUDQFHHYHQW7KDWZDVWKH
UHDVRQWRWKLQNDERXWQHZFRQILJXUDWLRQRIVXVSHQVLRQIRUQH[WJHQHUDWLRQRI'UDJRQPDLQO\
IURPZHLJKWUHGXFWLRQSRLQWRIYLHZ
 
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 '5$*21
'UDJRQDLPVDQGWDUJHWVZHUHGRQHDWWKHEHJLQQLQJRIWKHQHZVHDVRQ$FFRUGLQJWRQHZ
HQJLQHZLWKWXUERFKDUJHUWKHZKROHSRZHUWUDLQXQLWSRVLWLRQFRXOGEHFKDQJHG'UDJRQKDG
VSDFHG IUDPH DURXQG WKH ZKROH GLIIHUHQWLDO XQLW DV LQ )LJXUH  7KLV FRQILJXUDWLRQ
LQIOXHQFHGWKHZHLJKWTXLWHDORW,QWKHVDPH)LJXUHLWLVYLVLEOHWKDWWKHODVWSDUWRIFKDVVLV
ZHUHWRHOLQNSLFNXSSRLQW
'HFLVLRQ WRFKDQJH WKH UHDU VXVSHQVLRQ IURP WKHVFUDWFKHQDEOHV WR UHGXFH WKHZHLJKWD ORW
7KHZKROHSRZHUWUDLQXQLWRI'UDJRQLVKROGWRJHWKHUZLWKDOXPLQLXPPRXQWLQJV7KHUHIRUH
WKHZKROHVXVSHQVLRQOD\RXWFRXOGEHHQFKDQJHG'XHWRFHQWUHRIJUDYLW\UHGXFWLRQWKHSXVK
URGFRQILJXUDWLRQZDVFKDQJHGWRSXOOURG7KDQNVWR?ZKHHOVGLPHQVLRQLWZDVQRWDELJ
SUREOHPWRILQGWKHULJKWSRVLWLRQRISXOOURGDQGURFNHUSLFNXSSRLQWV
:KROHFRQILJXUDWLRQRIUHDUVXVSHQVLRQLVYLVLEOHLQ)LJXUH7KHUHLVYLVLEOHWKDWHYHQWKH
ZKROH XSULJKW NLQHPDWLFV SRLQWV ZHUH FKDQJHG VLJQLILFDQWO\ 7KH DLP ZDV WR GHOLYHU WKH
KLJKHVW SRVVLEOH VWUHQJWK RI XSULJKWV 7KHUHIRUH WKH SLFNXS SRLQWV ZHUH FKRVHQ DV FORVH WR
ZKHHOULPDVSRVVLEOH
7KHUHLVRQO\RQHFRPSURPLVHZKLFKZDVQHFHVVDU\WRXQGHUWDNH7KDWLVWKHWRHURGFKDVVLV
SLFNXSSRLQW8QIRUWXQDWHO\WKHUHZDVQRVSDFHWRDWWDFKWKHWRHURGLQWRWKHFKDVVLVLQDEHWWHU
ZD\7KHUHIRUHWKHWXEHLQWKDWSODFHKDVGLIIHUHQWGLPHQVLRQVELJJHUWKLFNQHVVDQGFKDVVLV
WHDP DQDO\VHG WKH GHIOHFWLRQ LQ )(0 5HVXOWV VKRZQ WKDW XQGHU  * RI FRUQHULQJ WKH
GHIOHFWLRQLVOHVVWKDQPP 
)LJXUH'UDJRQUHDUVXVSHQVLRQOD\RXW7KHPDVVRIVSDFHIUDPHDURXQGGLIIHUHQWLDOXQLWZDV
HOLPLQDWHGIRU'UDJRQ
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)LJXUH5HDU6XVSHQVLRQ/D\RXWRI'UDJRQ(YHU\WKLQJZDVPRYHGIRUZDUGDQG
WKHZHLJKWZDVUHGXFHG
)LJXUHWKHSRZHUWUDLQXQLWRI'UDJRQLVPRXQWHGLQWRDOXPLQLXPKROGHUV7KLVSUHYHQWVWR
WUDQVIRUPWKHELJJHVWIRUFHVRIFKDLQLQWRWKHFKDVVLV
%512	+$7),(/'
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,Q)LJXUH LV YLVLEOH WKDW H[FHSWRI WRH OLQN FKDVVLVSLFNXSSRLQW DOOZLVKERQHVSLFNXS
SRLQWVDUHZHOOGHVLJQHG,WLVDOZD\VFKDOOHQJHWRGHOLYHUVXFKDVROXWLRQZKLFKLVJRRGIURP
NLQHPDWLFVDQGHYHQIURPIRUFHWUDQVIRUPDWLRQLQWRWKHFKDVVLVSRLQWRIYLHZ
2QHRIWKHGHFLVLRQZKLFKZHUHPDGHGXULQJWKHGHYHORSPHQWDQGGHVLJQSDUWRIWKHVHDVRQ
ZDV WKHZKHHOEDVH FKDQJH %DVHG RQ WKHZHLJKW GLVWULEXWLRQPHDVXUHG LQ&$' V\VWHP WKH
ZKHHOEDVHZDVVKRUWHQWRGHOLYHUVXIILFLHQWUDWLR7KLVFRXOGEULQJOHVVVWDEOHFDUZKLOH
FKDQJLQJWKHGLUHFWLRQEXWWKHHTXDOZHLJKWGLVWULEXWLRQZDVPXFKPRUHLPSRUWDQW0RUHRYHU
ZKLOH WKH UHVHDUFK VKRZHG WKDW WKH SUHYLRXVZKHHOEDVHZDV RQH RI WKH ORQJHVW LQ )RUPXOD
6WXGHQWFRPSHWLWLRQ
 
)LJXUH'UDJRQVXVSHQVLRQOD\RXWLQ/RWXV$QDO\VLVVRIWZDUH
%512	+$7),(/'
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
)LJXUH'UDJRQGLIIHUHQWZKHHOEDVHYLVXDOFRPSDULVRQ:KHHOEDVHZDVVKRUWHQIURPPP
WRPP5XOHVVWLSXODWHWKHPPDVPLQLPXP

 '5$*21.,1(0$7,&629(59,(:
D 1-4 Dragon 5 
GENERAL DATA VALUES 
TYRE ROLLING RADIUS (mm) 264.16 264.16 
WHEELBASE (mm) 1600 1527 
C OF G HEIGHT (mm) 310 290 
BUMP TRAVEL (mm): 27.5 27.5 
REBOUND TRAVEL (mm): 42.5 42.5 
ROLL ANGLE (deg): 3.5 3.5 
STEERING TRAVEL (mm): 42.75 42.75 
)LJXUH'UDJRQ*HQHUDO'DWD9DOXHVLQFRPSDULVRQZLWK'UDJRQFRQFHSW
 
%512	+$7),(/'
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FRONT SUSPENSION 
D 1-4 Dragon 5 
STATIC VALUES 
Camber Angle (deg) 0 0 
Toe Angle {Plane} (deg) 0 0 
Toe Angle {SAE} (deg) 0 0 
Castor Angle (deg) 7.98 7.98 
Castor Trail (hub) (mm) 12.55 12.55 
Castor Offset (grnd) (mm) 24.47 24.47 
Kingpin Angle (deg) 8.04 8.04 
Kingpin Offset (w/c) (mm) 52.75 52.75 
Kingpin Offset (grnd) (mm) 15.43 15.43 
Mechanical Trail (grnd) (mm) 24.23 24.23 
ROLL CENTRE HEIGHT (mm) 23.01 23.01 
)LJXUH'UDJRQIURQWVXVSHQVLRQVWDWLFYDOXHVLQFRPSDULVRQZLWK'UDJRQFRQFHSW

REAR SUSPENSION 
D1-4 Dragon 5 
STATIC VALUES 
Camber Angle (deg) 0 0 
Toe Angle {Plane} (deg) 0 0 
Toe Angle {SAE} (deg) 0 0 
Castor Angle (deg) -12.93 3.42 
Castor Trail (hub) (mm) -28.41 7.4 
Castor Offset (grnd) (mm) -32.22 8.39 
Kingpin Angle (deg) 2.1 1.9 
Kingpin Offset (w/c) (mm) 53.78 53.56 
Kingpin Offset (grnd) (mm) 44.52 44.77 
Mechanical Trail (grnd) (mm) -31.4 8.37 
ROLL CENTRE HEIGHT (mm) 62.35 34.6 
)LJXUH'UDJRQ5HDUVXVSHQVLRQVWDWLFYDOXHVLQFRPSDULVRQZLWK'UDJRQFRQFHSW
7KH)LJXUHVKRZVWKDWHYHQWKHZLVKERQHVFKDVVLVSLFNXSSRLQWVZHUHFKDQJHGWKH
RYHUDOOFKDUDFWHULVWLFVUHPDLQVWKHVDPH7KHELJJHVWGHFLVLRQZDVZLWKUROOFHQWUHKHLJKW7KH
DLPZDVWRUHGXFHLWDWWKHYHU\EHJLQQLQJ)RUWXQDWHO\WKHPLVWDNHLQW\UHFRQILJXUDWLRQ
VKRZHGWKDWWKHUHDOKHLJKWLVWKHVDPHZKLFKZHUHZDQWHGIRU'UDJRQ
7KH)LJXUHVKRZVKRZGLIIHUHQWWKHUHDUD[OHLV7KHPRVWLPSRUWDQWLVWKHUROOFHQWUH
KHLJKW,WLVEHOLHYHGWKDWWKHUROOFHQWUHKHLJKWDWUHDUZDVWRRKLJKDQGLWGHOLYHUHGWKH
SUREOHPZLWKUHDULQQHUZKHHOOLIWGXULQJFRUQHUV6WLOOWKHUHDUUROOFHQWUHUHPDLQVKLJKHUWKDQ
IURQW,WLVGXHWRQDUURZHUUHDUD[OHDQGWKH&HQWUHRIJUDYLW\FHQWURLG?WKHFHQWUHRIJUDYLW\
DWUHDULVKLJKHUWKDQRQWKHIURQWD[OH 
%512	+$7),(/'
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 )52176863(16,21%803&+$5$&7(5,67,&6
)LJXUH
&DPEHU
FKDQJHRI
'UDJRQLV
EDVLFDOO\
LGHQWLFDODV
'UDJRQ
YHUVLRQ
)LJXUH
%XPSVWHHU
UHPDLQVDV
VPDOODV
SRVVLEOHHYHQ
DW'UDJRQ
)LJXUH
&DVWRUDQJOH
FKDQJHRI
'UDJRQ
%512	+$7),(/'



.,1(0$7,&6
 
)LJXUH
.LQJSLQDQJOH
FKDQJH
)LJXUH
,QVWDODWLRQ
5DWLRRI
'UDJRQ
)URQW
VXVSHQVLRQ
)LJXUH
$QWL'LYH
FKDUDFWHULVWLF
VUHPDLQWKH
VDPH,I
QHFHVVDU\
IURP
DHURG\QDPLFV
SRLQWRIYLHZ
LWFDQEH
DGMXVWHG
%512	+$7),(/'



.,1(0$7,&6
 
)LJXUH5ROO
FHQWUHKHLJKWWR
ERG\
)LJXUH
+DOIWUDFNFKDQJH
)LJXUH
:KHHOEDVH
FKDQJH
%512	+$7),(/'



.,1(0$7,&6
 )52176863(16,2152//&+$5$&7(5,67,&6

)LJXUH,QUROOLWLVLPSRUWDQWWRDOORZW\UHWRKDYHDVELJ
DVSRVVLEOHFRQWDFWSDWFKDOOWKHWLPH
)LJXUHGXULQJFRUQHULQJLWLVLPSRUWDQWWRGHOLYHUGULYHU
FRQILGHQFHZKLOHVWHHULQJ7KDWPHDQVWRGHOLYHUVWDEOH
UHVSRQVHIURPVWHHULQJZKHHOZLWKLQWKHZKROHUDQJHRIUROO
%512	+$7),(/'



.,1(0$7,&6
 
)LJXUHFDVWRU
FKDQJHLQUROO
)LJXUH
.LQJSLQDQJOH
FKDQJHLQUROO
)LJXUH,QVWDOODWLRQ5DWLRUHPDLQVWKHVDPHLQEXPSDQGLQ
UROOPRYHPHQW
%512	+$7),(/'
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 
)LJXUH
5ROOFHQWUH
PLJUDWLRQLQ<
D[LV7KLVGRHV
QRWLQIOXHQFH
ORDGWUDQVIHU
GXULQJ
FRUQHULQJ
)LJXUH2QH
RIWKHPRVW
LPSRUWDQW
FKDUDFWHULVWLFV
,WLVQHFHVVDU\WR
GHOLYHU
FRQVLVWHQWKHLJKW
RIUROOFHQWUH
7KLVHQVXUHVWKH
FRQVWDQWDPRXQW
RIORDGWUDQVIHU
LQFRUQHULQJ
DFWLRQ
)LJXUHZKHHOEDVHFKDQJHLQUROO
%512	+$7),(/'
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 5($56863(16,21%803&+$5$&7(5,67,&6
)LJXUH&DPEHU
FKDQJHRUUHDU
VXVSHQVLRQ
)LJXUH%XPS
6WHHUFKDUDFWHULVWLF
,WLVLPSRUWDQWWR
GHVLJQWKLVIHDWXUH
DVVPDOODVSRVVLEOH
DVLWPDNHV
GULYHDELOLW\RIWKH
FDULQFRUQHUV
FRQYHQLHQW
)LJXUH5HDU
6XVSHQVLRQ
LQVWDOODWLRQUDWLR
FKDQJHGOLWWOHELW
7KHZKROHXQLW
ZDVFKDQJHGIURP
SXVKURGWRSXOO
URGFRQILJXUDWLRQ
%512	+$7),(/'
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 
)LJXUH$QWL
VTXDWIHDWXUH
GHWHUPLQHVWKH
DPRXQWRIORDG
WUDQVIHUDFWLQJRQ
UHDUD[OHYLD
VXVSHQVLRQRUYLD
FKDVVLVZLVKERQHV
)LJXUH5ROO
&HQWUHKHLJKW
DFFRUGLQJWRERG\
)LJXUH+DOIWUDFNFKDQJH
%512	+$7),(/'

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 5($56863(16,2152//&+$5$&7(5,67,&6
)LJXUH&DPEHU
FKDQJHLQUROO7KLV
WU\WRVDWLVI\W\UH
FKDUDFWHULVWLFV
)LJXUH5ROO
VWHHUVKRXOGEH]HUR
LGHDOO\DVLWHQVXUHV
VWDEOHUHVSRQVHWR
GULYHUZKLOH
FRUQHULQJ
)LJXUH5ROO
FHQWUHKHLJKWFKDQJH
VKRXOGEHDVVPDOODV
SRVVLEOH,QWKLVFDVH
LWLVDURXQGPPLQ
RSHUDWLYHUDQJH
%512	+$7),(/'
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 
)LJXUH
ZKHHOEDVH
FKDQJHLQUROO
)LJXUHLQUROOPRYHPHQWWKHKDOIWUDFNLVFKDQJHG,QWKLVFDVH
LWLVURXJKO\PPLQRSHUDWLYHUDQJH
%512	+$7),(/'
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 67((5,1*&+$5$&7(5,67,&6
 
)LJXUH$FNHUPDQQ5DGLXVLVRQHRIIHDWXUHVZKLFKZDVFKDQJHG
WRGHOLYHUEHWWHUWXUQLQUHVSRQVH
)LJXUH7XUQLQJUDGLXV
%512	+$7),(/'
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 '5$*21?&203$5(':,7+'5$*21&+$5$&7(5,67,&6
:KLOHWKHWHDPZDVVDWLVILHGZLWKWKHPRVWRINLQHPDWLFFKDUDFWHULVWLFVZLWK'UDJRQWKHDLP
ZDVWRGHOLYHUYHU\VLPLODUFKDUDFWHULVWLFVIRU'UDJRQ$VZDVPHQWLRQHGSUHYLRXVWKHUHDU
VXVSHQVLRQZDVFKDQJHGGUDPDWLFDOO\7KHFRPSURPLVHZKLFKZDVQHFHVVDU\DWWKHUHDUD[OH
LQFRQQHFWLRQZLWKSRZHUWUDLQXQLWFKDQJHFKDQJHGD OLWWOH UHDUFKDUDFWHULVWLFV7KHUHDUUROO
FHQWUHKHLJKWZDVFKDQJHGRQSXUSRVHDVLWVKRXOGGHOLYHUEHWWHUFRUQHULQJEHKDYLRXU
 )52176863(16,21%803&+$5$&7(5,67,&6
 
)LJXUH&DPEHUDQJOHUHPDLQVHTXDO )LJXUHWKHJUHDWFKDUDFWHULVWLFRI'UDJRQ
EXPSVWHHUKDVEHHQHYHQLPSURYHG
)LJXUH7KHUHZDVQRUHDVRQWRFKDQJHIURQW
XSULJKWVSLFNXSSRLQWV7KHUHIRUHWKHFDVWRU
DQJOHRI'UDJRQXVHVWKHVDPHYDOXHDVLWV
SUHGHFHVVRUV
)LJXUH$FFRUGLQJWR<D[LVUDQJHWKHFKDQJH
RILQVWDOODWLRQUDWLRLVDEVROXWHO\PLQLPDO
%512	+$7),(/'
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 )52176863(16,2152//&+$5$&7(5,67,&6
 
)LJXUH5ROOVWHHULVUHDOO\LPSRUWDQWIDFWRU
:KLOH78%UQR5DFLQJGRQ
WKDYHSURIHVVLRQDO
GULYHUVLWLVLPSRUWDQWWRGHVLJQVXVSHQVLRQ
ZKLFKLVUHDOO\HDV\WRGULYH7KLVLPSURYHPHQW
FRXOGKHOSWKLVGHPDQG
)LJXUH&DVWRUDQJOHLVVWLOOWKHVDPHDVWKH
XSULJKWSLFNXSSRLQWVUHPDLQWKHVDPHDVZHOO7KH
RQO\FKDQJHZDVZLWKWRHOLQNSLFNXSSRLQW
+RZHYHUWKLVFKDQJHFDQQRWEHYLVLEOHLQWKLV
JUDSK
)LJXUH.LQJSLQDQJOHLVGHWHUPLQHGZLWKWKH
XSULJKWSLFNXSSRLQWVJHRPHWU\ZKLFKUHPDLQVWKH
VDPHIRU'UDJRQ
)LJXUH0LJUDWLRQRIUROOFHQWUHLQ<D[LV
GRHVQRWLQIOXHQFHWKHORDGWUDQVIHU7KHUHIRUH
WKLVFRPSURPLVHZDVXQGHUWDNHQ
%512	+$7),(/'
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 5($56863(16,21%803&+$5$&7(5,67,&6
 
)LJXUH&DPEHUDQJOHFKDUDFWHULVWLFVDUH
VOLJKWO\GLIIHUHQWDVWKHFKDVVLVFRPSURPLVHV
KDGWREHGRQH
)LJXUH%XPSVWHHUFKDUDFWHULVWLFLVWUXO\
LPSRUWDQW&RPSDULVRQEHWZHHQWKH'UDJRQ
DQG'UDJRQVKRZVVPDOOLPSURYHPHQWLQ
QHZJHQHUDWLRQ%XWWKHFKDQJHLVUHDOO\VPDOO
)LJXUHDEVROXWHO\QHZSRVLWLRQDQG
FRQILJXUDWLRQRIURFNHUVGHOLYHUVVOLJKWO\GLIIHUHQW
LQVWDOODWLRQUDWLR,QEXPSWKH,QVWDOODWLRQUDWLR
UDLVHV7KLVLVSXUSRVHDVWKLVSUHYHQWVWKHWRXJK
FRQWDFWDWGDPSHUVWRS
)LJXUH5ROOFHQWUHKHLJKWZDVUHGXFHV
TXLWHVLJQLILFDQWO\7KHUHDVRQZDVWRJHWULGRI
MDFNLQJHIIHFWLQFRUQHULQJ
%512	+$7),(/'

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
 5($56863(16,2152//&+$5$&7(5,67,&6
 
)LJXUHFDPEHUDQJOHLQUROOLVYHU\VLPLODU
7KDWZDVSXUSRVH
)LJXUH5ROOVWHHUFKDUDFWHULVWLFVZHUH
LPSURYHGOLWWOHELWHYHQDWUHDUD[OH
)LJXUH5ROOFHQWUHKHLJKWRI'UDJRQLV
VOLJKWO\GLIIHUHQWWKDQLWZDVLQWHQGHGWREH7KLVLV
GRQHE\FRPSURPLVHVZLWKFKDVVLVOD\RXW
+RZHYHUWKHFKDQJHLQRSHUDWLRQDOUDQJHLVPP
LQPD[LPXP7KLVVKRXOGQRWEHDQ\SUREOHPLQ
UHDOUDFLQJVLWXDWLRQ
)LJXUHPLJUDWLRQRIUROOFHQWUHLQ<D[LVZDV
]HURDW'UDJRQ?FRQFHSW7KLVFKDUDFWHULVWLF
ZDVFKDQJHGDFFRUGLQJWRQHZOD\RXWRIUHDU
VXVSHQVLRQ,QJHQHUDOLWLVVDLGWKDWRQO\KHLJKW
LQIOXHQFHVORDGWUDQVIHUDORW0LJUDWLRQLQ<D[LV
ZDVQRWFRQVLGHUHGDVDSUREOHP
)LJXUHZKHHOEDVHFKDQJHLVDOPRVWLGHQWLFDO
%512	+$7),(/'
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 67((5,1*&+$5$&7(5,67,&6
 
)LJXUH%DVHGRQH[SHULHQFHZLWKWXUQLQEHKDYLRXUSUREOHPVWKH$FNHUPDQQ
UDGLXVZDVFKDQJHG7KLVVKRXOGSUHYHQWRIKDYLQJVXFKDKXJHDPRXQWRIWRHRXWDV
ZLWK'UDJRQ'UDJRQUXQPPRIWRHRXW
)LJXUH7XULQJUDGLXVRI'UDJRQDQG'UDJRQ
%512	+$7),(/'

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 8+.,1(0$7,&6
$XWKRU RI WKLV GLSORPD WKHVLV SDUWLFLSDWHG RQ NLQHPDWLFV GHVLJQ LQ 8+ 5DFLQJ ? )RUPXOD
6WXGHQWWHDPRI8QLYHUVLW\RI+HUWIRUGVKLUHZKLOHKLV(UDVPXVVWXGLHVWKHUH7KHH[SHULHQFH
KDVEHHQSULFHOHVVDV8+5DFLQJUXQLQFKW\UHVFRPSDUHGWRLQFKRI78%UQR5DFLQJ
Dragon 5 UH 18 Dragon 5 UH 18
TYRE ROLLING RADIUS (mm) 264.16 220
WHEELBASE (mm) 1527 1580
Castor Angle (deg) 7.98 5 Castor Angle (deg) 3.42 2.81
Castor Trail (hub) (mm) 12.55 10.19 Castor Trail (hub) (mm) 7.4 -53.44
Castor Offset (grnd) (mm) 24.47 9.05 Castor Offset (grnd) (mm) 8.39 64.24
Kingpin Angle (deg) 8.04 0.38 Kingpin Angle (deg) 1.9 4.41
Kingpin Offset (w/c) (mm) 52.75 71.03 Kingpin Offset (w/c) (mm) 53.56 102.6
Kingpin Offset (grnd) (mm) 15.43 69.57 Kingpin Offset (grnd) (mm) 44.77 85.63
Mechanical Trail (grnd) (mm) 24.23 9.02 Mechanical Trail (grnd) (mm) 8.37 64.16
ROLL CENTRE HEIGHT (mm) 23.01 14.8 ROLL CENTRE HEIGHT (mm) 34.6 41.25
)LJXUH8+)6PRQRSRVWKDVYHU\VLPLODUVXVSHQVLRQOD\RXWWR'UDJRQFDU%RWKIURQWDQG
UHDUD[OHVDUHSXOOURGDFWXDWHG)URQWD[LVKDVQRWEHHQFKDQJHGIRU8+5HDUD[OHKDVEHHQ
FKDQJHGVLJQLILFDQWO\)LQDOOD\RXWLVEDVLFDOO\VDPHDV'UDJRQVROXWLRQ8+XVHVLQFKULPV
7KLVDVSHFWPDNHVWKHSDFNDJLQJPRUHFKDOOHQJLQJ
)LJXUHWDEOHRIEDVLFFRPSDULVRQRI8+DQG'UDJRQFDUV)URQWD[OHKDVGLIIHUHQWGHVLJQ
DSSURDFK8+5DFLQJKDVFKDQJHGW\UHXVLQJDORWIHZ\HDUVDJRDVWKHPHFKDQLFDOWUDLOZDVUHGXFHG
DORW$QRWKHUVLJQLILFDQWGLIIHUHQFHLVLQNLQJSLQDQJOH7KHUHIRUHWKHVFUXEUDGLXVHVDUHYHU\
GLIIHUHQW
%512	+$7),(/'

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
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:KLOHWKHIURQWD[OHRIWKH8+KDVQRWEHHQFKDQJHGDORWFRPSDUHWRLWVSUHGHFHVVRUUHDU
D[OHKDVEHHQFRPSOHWHO\UHEXLOW$XWKRURIWKLVGLSORPDWKHVLVSDUWLFLSDWHGPDLQO\RQWKHUHDU
D[OHPRGLILFDWLRQV ,QWHUHVWLQJ IDFW LV WKDWDW WKHHQGRI WKHGHVLJQGHYHORSPHQWERWKFDUV?
8+DQG'UDJRQKDYHYHU\VLPLODUVXVSHQVLRQOD\RXW
7KHPDLQLGHDRIWKHUHDUVXVSHQVLRQPRGLILFDWLRQZHUHWRUHGXFHZHLJKWDQGFHQWUHRIJUDYLW\
RI UHDU D[OH +HQFH WKH GDPSHU SRVLWLRQ ZDV PRYHG DV ORZ DV SRVVLEOH DQG SXOO URG
FRQILJXUDWLRQKDVKDGWREHXVHG7KHELJJHVWFKDOOHQJHRIWKHVHPRGLILFDWLRQVZHUHWRGHOLYHU
QLFHSDFNDJHDFFRUGLQJ WRDYDLODEOHPRXQWSRVLWLRQRI WKHSUHSDUHGVSDFH IUDPHDURXQG WKH
HQJLQHDQGWKHVPDOOHUZKHHOGLDPHWHU
6PDOOHUZKHHOGLDPHWHUOLPLWVWKHGHVLJQVSDFHDORWLQUHVSHFWRISXOOURG?URFNHU?GDPSHU
FRQILJXUDWLRQ:KLOHWKHDQJOHEHWZHHQJURXQGDQGSXOOURGLVIDLUO\VPDOOLWZDVGLIILFXOWWR
EULQJWKHULJKWURFNHUGLPHQVLRQV7KHWDUJHWZDVWRKDYHDVVPDOOURFNHUDVSRVVLEOHZLWKWKH
EHVWSRVVLEOHNLQHPDWLFVUHVXOWV7KDWPHDQVLQVWDOODWLRQUDWLRFXUYH
$QRWKHUDVSHFWZKLFKZDVDQDO\VHGZDVEXPSDQGUROOVWHHU8QIRUWXQDWHO\WKHIURQWD[OHLV
QRWLGHDOKRZHYHUWKHUHDUD[OHKDVEHHQVLJQLILFDQWO\LPSURYHG$OOWKHNLQHPDWLFVGDWDDUH
VKRZQLQ)LJXUHV?
 )52176863(16,21%803&+$5$&7(5,67,&6
)LJXUHIURQWVXVSHQVLRQ
FKDUDFWHULVWLFVRI8+&DPEHUFKDQJH
LVKLJKHUWKDQ'UDJRQ%XPSVWHHU
VKRXOGEHLPSURYHGQH[W\HDUVWRGHOLYHU
VWUDLJKWUHVSRQVHIRUGULYHUV$QWLGLYH
FKDUDFWHULVWLFLVTXLWHORZ'HWDLOHG
FRPSDULVRQRI8+DQG'UDJRQLVLQ
FKDSWHU
%512	+$7),(/'

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
.,1(0$7,&6
 5($56863(16,21%803&+$5$&7(5,67,&6

 67((5,1*&+$5$&7(5,67,&6 
)LJXUH5HDUVXVSHQVLRQEXPS
FKDUDFWHULVWLFV7KHDQWLGLYHIHDWXUH
DQGVWDWLFLQVWDOODWLRQUDWLRDQGXSULJKW
IHDWXUHVKDYHQRWEHHQFKDQJHGDVLW
ZDVRQHRIWKHUHVWULFWLRQLQGHVLJQDW
EHJLQQLQJ7KHUHVWRIFKDUDFWHULVWLFV
KDVEHHQPRGLILHG4XLWHELJ
LPSURYHPHQWLVLQEXPSVWHHU
FKDUDFWHULVWLFDQGLQVWDOODWLRQUDWLR
FXUYH
)LJXUH$FNHUPDQQDQG7XUQLQJ5DGLXVRI8+
%512	+$7),(/'



.,1(0$7,&6
 )52176863(16,2152//&+$5$&7(5,67,&6 
)LJXUH)URQWVXVSHQVLRQUROOFKDUDFWHULVWLFV:KLOHWKHUROOVWHHU
FKDUDFWHULVWLFFRXOGKDYHLQIOXHQFHLQGULYHUV?IHHGEDFNUHVWRI
FKDUDFWHULVWLFVDUHVDWLVI\LQJ5ROOFHQWUHKHLJKWPLJUDWLRQLVFKDQJLQJLQ
ZRUNLQJUDQJHOHVVWKDQPPZKLFKVKRXOGFDXVHDEVROXWHO\QRSUREOHP
%512	+$7),(/'



.,1(0$7,&6
 5($56863(16,2152//&+$5$&7(5,67,&6
)LJXUHUHDUVXVSHQVLRQUROOFKDUDFWHULVWLFVKDVEHHQPRGLILHGIRU8+'HVLJQ
LQWHQWZDVWRGHOLYHUJRRGUHVSRQVHIRUGULYHU7KHUHIRUHWKHUROOVWHHUDQGUROOFHQWUH
KHLJKWPLJUDWLRQKDVEHHQVLJQLILFDQWO\UHGXFHG
%512	+$7),(/'



.,1(0$7,&6
 8+96'5$*21&203$5,621
8+DQG'UDJRQFDUVKDYHYHU\VLPLODUVXVSHQVLRQOD\RXW+RZHYHUWKHZKHHOGLIIHUHQFH
YVLQFKGHOLYHUVGLIIHUHQWUHVXOWV7KHGHVLJQDSSURDFKLVVOLJKWO\GLIIHUHQW,QUHVSHFW
RI W\UH XVLQJ WKH IURQW D[OH FKDUDFWHULVWLFV DUH QRW VLPLODU 7KH ELJJHVW GLVVLPLODULW\ LV LQ
UHVSHFWRIEXPSVWHHUDQGDQWL?GLYHIHDWXUH,QVWDOODWLRQUDWLRRI8+LVVOLJKWO\KLJKHUDV
WKH VXVSHQVLRQ UXQ DW KLJKHU IUHTXHQFLHV 7KH FDU LV VWLIIHU 2Q WKH RWKHU KDQG 'UDJRQ 
DSSURDFK LV WR KDYH KLJKHU SHUFHQWDJH RI DQWL ? IHDWXUHVZKLFKKHOS WKH FDU WR EH VWLIIHU LQ
UHVSHFW RI ZHLJKW WUDQVIHU 2Q WKH RWKHU KDQG ORZHU IUHTXHQFLHV VPDOOHU LQVWDOODWLRQ UDWLR
HQDEOHZKHHOWREHXVHGLQKLJKHUUDQJH
)LJXUHVKRZVFRPSDULVRQRIIURQWVXVSHQVLRQEXPSFKDUDFWHULVWLFVRI8+DQG'UDJRQ
&DPEHUFKDQJHRI8+LVKLJKHU?WKLVKHOSVW\UHWREHLQLGHDOFRQWDFWZLWKJURXQGSUREDEO\EHWWHU
WKDQDW'UDJRQ+RZHYHUGULYHUUHVSRQVHVKRXOGEHEHWWHULQ'UDJRQDVWKHEXPSVWHHULWV?
VLJQLILFDQWO\ORZHU
)LJXUH5HDUVXVSHQVLRQEXPS
FKDUDFWHULVWLFVFRPSDULVRQVKRZV
VLPLODUUHVXOWVDVWKHIURQW5HDU
EXPSVWHHURI8+LVEHWWHUWKDQ
WKHIURQW$QWL?VTXDWLVDJDLQ
VPDOOHUWKDQ'UDJRQDVWKHFDU
UXQVKLJKHUULGHUDWHV&DPEHU
FKDQJHLVKLJKHUDW8+?W\UH
FRQWDFWSDWFKVKRXOGEHYHU\JRRG
%512	+$7),(/'

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
.,1(0$7,&6
 
)LJXUH)URQWVXVSHQVLRQUROOFKDUDFWHULVWLFFRPSDULVRQRI8+DQG'UDJRQ5ROOFHQWUH
KHLJKWPLJUDWLRQLVVXIILFLHQWDWERWKFDUV&DPEHUFKDQJHLVYHU\VLPLODUEXWWKHUROOVWHHULVVXHRI
8+LVYLVLEOH8+FDUUHVSRQVHIRUGULYHUFRXOGEHWRXJKDVWKHSURJUHVVLRQLVVLJQLILFDQW
)LJXUH8+UHDUVXVSHQVLRQUROOVWHHULVLPSURYHGDORW'UDJRQKDVEHWWHUFDPEHUFKDQJHLQ
UHVSHFWRIW\UHFRQWDFWSDWFK5ROOFHQWUHKHLJKWPLJUDWLRQRI'UDJRQFRXOGEHEHWWHUKRZHYHUWKH
ZKROHSDFNDJLQJZDVGLIILFXOWLQUHVSHFWRIHQJLQHVSDFHDQGFKDVVLV
%512	+$7),(/'



.,1(0$7,&6
 
)LJXUH6WHHULQJFKDUDFWHULVWLFRI8+DQG'UDJRQLVYHU\GLVVLPLODU7KHW\UH
GLDPHWHUOHDGWRGLIIHUHQW$FNHUPDQQUDGLXV7KH8+VROXWLRQFRXOGGHOLYHUORZHU
WRH?RXWDQJOHV
)LJXUH7XUQLQJUDGLXVFRPSDULVRQRI8+DQG'UDJRQ
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
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'(6,*1
 '(6,*1
:KLOH WKH NLQHPDWLFV DUH GHVLJQHG WKH FRQVWUXFWLRQ GHVLJQ FDQ EH VWDUWHG $Q\ YHKLFOH LV
UHDOO\FRPSOH[V\VWHP,WLVGHVLUDEOHWREHDEOHWRFRRSHUDWHZLWKLQWKHZKROHWHDPWRGHOLYHU
WKHEHVWSRVVLEOHSDFNDJHZLWKKLJKSHUIRUPDQFH7KHNLQHPDWLFVZHUHGHVLJQHGWRHQDEOHWKH
GHVLJQHU?VGRWKHEHVWSDUWRIWKHLUZRUN
$VWKHNLQHPDWLFVZHUHSUHSDUHGLQ/RWXV6KDUNLWZDVQHFHVVDU\WRIRUZDUGWKHKDUGSRLQWVWR
WKH&$'VRIWZDUH,Q78%UQR5DFLQJWKH&UHR3DUDPHWULFLVLQXVH7KHVDPHSULQFLSOH
LVFRPPRQLQHYHU\LQGXVWULDOFRPSDQ\ZKLFKEULQJVDQ\SURGXFWWRPDUNHW
%DVHGRQWKHKDUGSRLQWVWKHVNHOHWRQPRGHOZDVSUHSDUHGDQGKHQFHWKHFRQVWUXFWLRQGHVLJQ
FDQ EH HDVLO\ DWWDFKHG WR WKLV SRLQWV WR HQVXUH WKH NLQHPDWLFV LQWHQWLRQ 7KH DXWKRU RI WKLV
GLSORPD WKHVLV WRRN SDUW LQ GHVLJQLQJ WKH &$' PRGHOV HLWKHU ZKDW HYHQ FRQILUPV KRZ
FRPSOH[WKH)RUPXOD6WXGHQWSURMHFWLV
,Q WKLV FKDSWHU WKH &$' GHVLJQ DQG )($ DQDO\VLV RI VRPH SDUWV RI VXVSHQVLRQ ZLOO EH
GHVFULEHG1DPHO\WZRJHQHUDWLRQVRIURFNHUVZLVKERQHVDQGDQWLUROOEDUV
 52&.(56
3XUSRVHRIURFNHUVZDVGHVFULEHGSUHYLRXVO\7UDQVIRUPLQJWKHIRUFHIURPWKHZKHHOWKURXJK
WKH SXVKURG RU SXOOURG WR WKH GDPSHU YLD GHVLJQHG LQVWDOODWLRQ UDWLR $QRWKHU DWWDFKPHQW
SRLQWLVWRDQWLUROOEDURIWKHVXVSHQVLRQ
7KHGHVLJQRIURFNHUVZHUHFKDQJHGZLWKWKHWKLUGJHQHUDWLRQRI'UDJRQFDUV7KHDLPZDVWR
PDNH LW DV VLPSO\ DV SRVVLEOH DQG WU\ WR UHGXFH WKHZHLJKW HLWKHU 7KHUHIRUH WKHPDFKLQHG
DOXPLQLXP URFNHUVZHUH OHIW LQ WKHSDVW7KH WUXWK LV WKDW DFFRUGLQJ WR VWUHVV DQG VWUDLQ WKH
PDFKLQHG URFNHUV FRXOG EH EHWWHU DV WKH\ DUH DEOH WR IRUZDUG WKLV IRUFHV QRW RQO\ LQ VLQJOH
SODQH2QWKHRWKHUKDQGWKHVLPSOHGHVLJQRIURFNHUVHQDEOHVWKHUHGXFWLRQRIFRVWDQGLWLV
DOVRYHU\HDV\WRFKDQJHWKHJHRPHWU\RIWKHURFNHUGXULQJWKHWHVWLQJ
)LJXUHPDFKLQHGURFNHUVRQIRUPXODW\SHUDFHFDUXOWLPDWHFDUSDJH
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'(6,*1
 '5$*21
$VZDVPHQWLRQHGSUHYLRXVO\WKHDLPRIURFNHUGHVLJQZDVWREHDVVLPSOHDVSRVVLEOH+HQFH
IRUWKHWKLUGJHQHUDWLRQRI78%UQR5DFLQJFDUWKHVKHHWPHWDOOD\RXWZDVFKRVHQ0DLQSDUWV
RIWKHILQDODVVHPEO\DUHVKHHWPHWDOSODLQEHDULQJVSLQDQGVSDFLQJ)LJXUH7KHURFNHU
DVVHPEO\ LV FRQQHFWHG WR WKH FKDVVLV YLD WZR ZHOGHG VKHHW PHWDOV 6KHHWPHWDO LV HDV\ WR
PDQXIDFWXUHODVHUFXWWLQJRUWRUHSODFH7KHUHIRUHLWZDVSRVVLEOHWRSUHSDUHDIHZYHUVLRQV
RIJHRPHWU\RILQVWDOODWLRQUDWLR7KHLGHDRIXVLQJSODLQEHDULQJV6.)ZDVWRVDIHZHLJKW
3LQZDVPDQXIDFWXUHGRQODWKHDVHDV\RSHUDWLRQ
7KHPRVWVWUHVVHGHOHPHQWRI WKHURFNHUDVVHPEO\ LV WKHVKHHWPHWDO ,WZDV WHVWHG LQ$QV\V
:RUNEHQFK )($ VRIWZDUH 7KH ERXQGDU\ FRQGLWLRQV ZDV SUHYLRXVO\ VLPXODWHG LQ $GDPV
VRIWZDUH7KDW HQDEOHV WR VHW WKH DQDO\VLV WKH WRXJKHVW FRQGLWLRQ7ZR FULWLFDO SRVLWLRQZDV
SUHSDUHG7KHEXPSVWRSDQGIXOOUHERXQGVWDWH
7KH SURFHGXUH RI WHVWLQJ WKLV VKHHWPHWDO LQ $QV\V WDNHV WKHVH VWHSV 7KH VKHHWPHWDO &$'
PRGHO LV JHQHUDWHG LQWR WKH 67(3 IRUPDW LQ&UHR  3DUDPHWULF ,W HQDEOHV WR LPSRUW WKH
PRGHOLQWRWKH$QV\V:RUNEHQFKHQYLURQPHQW,Q$QV\V:RUNEHQFKLWLVQHFHVVDU\WRVHWWKH
PDWHULDO SURSHUWLHV LQ WKH 0DWHULDO /LEUDU\ 7KH 6WDWLF $QDO\VLV LV XVHG WR DQDO\VH WKH
VKHHWPHWDO%RXQGDU\FRQGLWLRQVDUHVHWXS7KHPHVKSURFHGXUHWDNHVD IHZVWHSVWRUHILQH
WKHFULWLFDOSODFHVRIWKHSDUW2QFHWKHDQDO\VLVLVILQLVKHGWKHPRVWFULWLFDOSODFHLVVKRZQDV
WKHPD[LPXP VWUHVV ,Q WKLV FDVH WKHPD[LPXP VWUHVV LV EHORZ WKH \LHOG SRLQW RI WKH VWHHO
PDWHULDOZKLFKLVXVHG
 
)LJXUH5HDU5RFNHU$VVHPEO\([SORGHGYLHZ)LJXUH5RFNHU6KHHWPHWDODWWDFKPHQWSRLQWV
)LJXUH7KH)$($QDO\VLVLQ$QV\V:RUNEHQFKVRIWZDUH0HVK
%RXQGDU\&RQGLWLRQVDQGILQDOUHVXOWRIDQDO\VLV
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'(6,*1
7KHURFNHUDVVHPEO\ZDVXVHGDWWKH'UDJRQFDUGXULQJWKHZKROHVHDVRQ7KHUHZHUHRQO\
RQH LVVXHZKLFKFDPH7KHSODLQEHDULQJV7KHSLQDQG WKHVSDFLQJZHUHQRWPDQXIDFWXUHG
SURSHUO\ZKLFKEURXJKWDORWRIIULFWLRQRQWRWKHSODLQEHDULQJV,WZDVQRWDVWRSSUREOHPRI
WKHFDUEXWREYLRXVO\LWZDVDSODFHWRLPSURYH$QRWKHUVSDFHLQWHQGHGWRLPSURYHZDVWKH
ZHLJKW$OO WKHVH IDFWRUVZHUH WKRXJKW DQG LPSURYHG LQGHVLJQRIQHZ URFNHUV IRU WKHQH[W
JHQHUDWLRQFDU?'UDJRQ
 '5$*21
'UDJRQKDGDJUHDWJRDO ULJKW IURPWKHEHJLQQLQJRIQHZVHDVRQ LQ6HSWHPEHU 7KH
JRDOZDVWREXLOGXSDIDUOLJKWHUFDUWKDQLWVSUHGHFHVVRU7KHH[SHULHQFHZLWKSUHYLRXVFDU
FRQYLQFHGWKHZKROHWHDPWKDWWKHZHLJKWUHGXFWLRQKDYHWREHGHOLYHUHGDWHYHU\VLQJOHSDUW
RIWKHFDU7KHLGHDZDVWRVDYHWKHZHLJKWDWHYHU\WKLQJEXWQRWGUDPDWLFDOO\DVLWFRXOGEULQJ
WKHXQUHOLDELOLW\RIWKHILQDOSURGXFW
7KHURFNHUDVVHPEO\LVDJUHDWH[DPSOH7KHGHFLVLRQIRU WKHIRXUWKJHQHUDWLRQRI78%UQR
5DFLQJFDUZDVWRFKDQJHWKHIDVWHQHUVIRUWKHVXVSHQVLRQ7KHUHIRUHWKHVKRXOGHUEROWVZDV
XVHGIRUHYHU\PRXQWLQJSRLQWDWVXVSHQVLRQSDUWV,WEURXJKWDPDVVLYHUHGXFWLRQLQFRQWDFW
SUHVVDQGSURORQJHGHYHU\NLQGRIEHDULQJVOLIH:KLOHWKHPDWHULDORIVKRXOGHUEROWVZDVWKH
PHWULFJUDGHFRPSDUHGWRSUHYLRXVXVHRIPHWULFJUDGHWKHFKDQJHIURP0EROWVWR
0VKRXOGHUEROWVZDVGRQH
7KHSODLQEHDULQJVZHUHFKDQJHGIRUWKHEDOOEHDULQJVLQGLUHFWLRQWRGHFUHDVHWKHIULFWLRQDQG
LQFUHDVH UHOLDELOLW\ RI WKLV VWUHVVHG SDUW 7KDW ZDV WKH UHDVRQ WR FKDQJH WKH OD\RXW RI WKH
DVVHPEO\
6WLOO WKHPDQXIDFWXULQJSURFHVVRI ORZFRVWDQGHDV\ WR UHSODFHZDVZDQWHG WRVXVWDLQ7KH
VKHHWPHWDODQGVSDFLQJUHPDLQHG6PDOOHUGLPHQVLRQRIEROWVHQDEOHG WR VDIH WKHZHLJKWRQ
WKHZKROHDVVHPEO\+HQFHWKHILQDOZHLJKWRIQHZDVVHPEO\ZDVUHGXFHGDOPRVWWZLFHDWLPH
IURPJUDPVWRJUDPVDOWKRXJKWKHOLJKWZHLJKWSODLQEHDULQJVZDVFKDQJHGIRUEDOO
EHDULQJV
)LJXUH)URQWURFNHUDVVHPEO\
'UDJRQH[SORGHGYLHZ
)LJXUH)URQWVKHHWPHWDODWWDFKPHQWSRLQWV
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'(6,*1
7KHVDPHDQDO\VLVRIVKHHWPHWDOZDVXVHGDVIRUWKHSUHYLRXVYHUVLRQRIWKHFDU7KH
SURFHGXUHRIDQDO\VLVZHUHGHVFULEHGSUHYLRXVO\7KHLPSURYHPHQWVKRZQLQ)LJXUHZDV
LQPHVKLQJ7KHWHWUDJRQDOHOHPHQWVZHUHFKDQJHGIRUKH[DJRQDO,WVKRXOGVKRUWHQWKH
FDOFXODWLRQWLPH%XWIRUVXFKDVPDOOSDUWLWLVQRWKXJHO\LPSRUWDQW2QWKHRWKHUKDQGLWLV
LPSRUWDQWIURPWKHHGXFDWLRQDOSRLQWRIYLHZIRUDQ\IXWXUHDQDO\VLVRIODUJHUDVVHPEO\
,PSRUWDQWQRWHDERXWERXQGDU\FRQGLWLRQLVWKHIRUFHVDFWLQWKHPRXQWLQJSRLQWVZHUH
FDOFXODWHGIRUWKHH[DFWPRXQWLQJSRLQWV7KDWPHDQVWKHXOWLPDWHIRUFHDFWLQJLQWKH
VKHHWPHWDOSODQHZLOOEHPXFKVPDOOHU)URPWKHSRLQWRIVDIHW\LWZDVPHQWLRQHGWREH
DEVROXWHO\VXUHDERXWWKHUHOLDELOLW\RIWKHURFNHUV2WKHUZLVHLWFRXOGEHWKHVWRSSUREOHP
GXULQJUDFHV
,Q)LJXUHLVVKRZQWKHPD[LPXPVWUHVV7KHJUHDWHVWQXPEHULV03DZKLFKLVVWLOOIDU
DZD\IURPWKH\LHOGSRLQWRIVWHHODOOR\XVHGIRUPDQXIDFWXULQJWKLVURFNHU03D7KH
JHQHUDOWKHRUHPRI)($DQDO\VLVVWDWHVWKDWWKHVWUHVVHVLQSODFHZKHUHWKHERXQGDU\FRQGLWLRQ
ZDVVHWXSVKRXOGEHRYHUORRNHGDVWKH\DUHQRWUHOHYDQW,QWKLVFDVHWKHPD[LPXPVWUHVV
VKRZQLVFORVHWRWKHIL[HGVXSSRUW(YHQWXDOO\WKHVWUHVVLVDSSUR[LPDWHO\03D
)LJXUH)$($QDO\VLVRI'UDJRQIURQWVKHHWPHWDO0HVKUHILQHPHQWGHWDLOHGERXQGDU\FRQGLWLRQV
RIFULWLFDOVWDWHRIUHERXQG0D[LPXPVWUHVVFORVHWRWKHIL[HGVXSSRUWZKLFKLVQRWUHOHYDQW
)LJXUH5HDU5RFNHUDVVHPEO\7KH
VKRXOGHUEROWVZHUHXVHGIRUWKLVFDU
JHQHUDWLRQ7KHGLDPHWHUZDV
GHFUHDVHGIURPPPWRPP,W
EURXJKWDKXJHZHLJKWUHGXFWLRQDVLW
LQIOXHQFHVWKHVXUURXQGLQJVSDUWV)RU
H[DPSOHWKHURGHQGVEHDULQJVRQ
'UDJRQZDVPPGLDPHWHU7KLVRQH
DUHPPZKLFKVDYHGJUDPVSHU
HDFKURGHQG
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'XULQJWKHZKROHVHDVRQWKHURFNHUDVVHPEO\ZRUNHGZLWKRXWSUREOHP7KHRQO\LVVXHZDV
WKHOLIHRIEDOOEHDULQJV2QWKHUHDUDVVHPEO\LWZDVFKDQJHGRQO\WZLFHSHUWKHZKROHVHDVRQ
ZKLFKLVDEVROXWHO\JRRGSHUIRUPDQFH3UREOHPZDVZLWKWKHIURQWURFNHUDVVHPEO\ZKLOHWKH
DQWLUROOEDUPRXQWLQJSRLQWLVVLQJOHVKHDUHGDQGDFWVLQGLIIHUHQWSODQHWKDQWKHZKROHURFNHU
DVVHPEO\LV)XUWKHUPRUHWKHEDOOEHDULQJFKRVHQIRUWKLVDSSOLFDWLRQZDVZLWKRXWDQ\FRYHU
RIEDOOV7KHVHWZRIDFWVLQIOXHQFHGWKHEHDULQJOLIH,WZDVQHFHVVDU\WRFKDQJHWKHVHEHDULQJV
EHIRUHHYHU\FRPSHWLWLRQDQGDIHZWLPHVZKLOHWHVWLQJ,WZDVQRWDELJSUREOHPEXWVWLOO
SODFHZKHUHWRLPSURYHQH[WJHQHUDWLRQRIURFNHUV
$OVRWKHURFNHUOD\RXWFRXOGEHLPSURYHG7KHLGHDRIHDV\WRPDQXIDFWXUHZLWKORZFRVWLV
YHU\XVHIXO7KH'UDJRQURFNHUVXVHGWKHEDOOEHDULQJVLQQRWGHILQLWHO\SURSHUZD\$VWKH
PRYHPHQWRIVKHHWPHWDOZDVGRQHRQO\YLDVKLPVSUHVVHGRQWKHLQQHUULQJRIEHDULQJ7KH
EHDULQJZDVLPSRVHGLQWRWKHKRXVLQJ7KHKRXVLQJZDVGLUHFWO\ZHOGHGLQWRWKHFKDVVLV1H[W
JHQHUDWLRQRIURFNHUVFRXOGDFFRPPRGDWHWKHEHDULQJVULJKWLQWRWKHVKHHWPHWDOWRJXDUDQWHH
WKHSURSHUEHDULQJFRQGLWLRQV
 
)LJXUH5RFNHUVKHHWPHWDODWWDFKPHQWSRLQWV
7KHILQDOJHRPHWU\XVHGIRU'UDJRQLQVWDOODWLRQ
UDWLR
)LJXUH5HDU5RFNHU'UDJRQ)($$QDO\VLV
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 :,6+%21(6
,PSRUWDQFH RI ZLVKERQHV LV FOHDUO\ YLVLEOH 7KHLU IXQFWLRQ LV WR DWWDFK WKH ZKROH ZKHHO
DVVHPEO\WRWKHFKDVVLV7KHUHIRUHWKHLUSRVLWLRQLVJHQHUDOO\GLVFXVVHGIURPWKHVSUXQJPDVV
SRLQWRIYLHZ,VWKDWXQVSUXQJPDVVRULVLWVWLOOVSUXQJPDVV"7KHUXOHRIWKXPEVD\VWKDWWKH
KDOIRIWKHZLVKERQHZHLJKWLVVSUXQJPDVVDQGWKHRWKHULVXQVSUXQJPDVVSDUW
1HYHUWKHOHVVWKHZHLJKWLVWUXO\LPSRUWDQWRQWKHERWKVLGHVRIPDVV7KDWLVWKHUHDVRQZK\
)RUPXOD 6WXGHQW WHDPV WHQG PRUH DQG PRUH WRZDUG WKH FDUERQ ILEUH VROXWLRQ DV VHHQ LQ
)LJXUH
)RU WKH 'UDJRQ  GHVLJQ FDUERQ ILEUH ZLVKERQHV ZHUH QRW DSSURYHG 7KLV GHFLVLRQ FRPHV
IURPWKHH[SHULHQFHVHHQLQRWKHUWHDPV,WLVTXLWHRIWHQIDLOXUHWKDWWKHDOXPLQLXPLQVHUWVIDOO
RII WKH FDUERQ ILEUH ZLVKERQHV 78 %UQR 5DFLQJ GHFLGHG WKDW WKH UHOLDELOLW\ LV WKH FUXFLDO
IDFWRU7KHUHIRUHWKHGLIIHUHQWZD\ZDVFKRVHQIRU'UDJRQGHVLJQ
 '5$*21,668(6
'UDJRQ ZLVKERQHV VXIIHUHGZLWK FRPSOLDQFH LQ XQLEDOOV KRXVLQJV ,WZDV SUREOHP RI WKH
EHDULQJLWVHOIKDQGLQKDQGZLWKSRRUPDWHULDOFKDUDFWHULVWLFVRIWKHKRXVLQJ)XUWKHUPRUHWKH
ZHLJKW ZDV VDWLVIDFWRU\ DV ZHOO 7KHVH IHZ SUREOHPV UHVXOW LQ GHVLJQ GHFLVLRQ LQYROYHG WR
'UDJRQZLVKERQHVGHVLJQ
)LJXUH'UDJRQZLVKERQH
GHWDLO0DWHULDOSURSHUWLHVZHUH
LQDSSURSULDWHDQGWKHEHDULQJ
GLPHQVLRQVZHUHXQQHFHVVDU\
RYHUGLPHQVLRQHG
)LJXUH&DUERQILEUH
ZLVKERQHVRI+DZNV
5DFLQJ
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 '5$*21
([SHULHQFH LV UHDOO\ LPSRUWDQW LQ WKH ZD\ RI DQ\
GHYHORSPHQW SURFHVV 7KDQNV WR H[SHULHQFH IURP
'UDJRQ  VHDVRQ WKH ELJ LPSURYHPHQWV FRXOG EH
LQYROYHG
'HVLJQ DLPV ZHUH IRFXVHG WR GHDO ZLWK SUHYLRXV
SUREOHPVDQG DW WKH VDPHSRLQW WKHZHLJKW UHGXFWLRQ
ZDV FRQVLGHUHGD ORW0DWHULDO FKRVHQ IRU WKHXQLEDOO
KRXVLQJ LV KLJK TXDOLW\ FKURPH PRO\EGHQXP VWHHO
7KLV LPSURYHG D ORW WKH SURGXFW OLIHZKLOH LW SUHYHQW
GHIRUPDWLRQ7KHUHIRUHWKHFRPSOLDQFHGLGQRWDSSHDU
GXULQJWKHZKROHVHDVRQ
7KH H[SHULHQFH DQG UHVHDUFK SURYHG WKDW EHDULQJV
GLPHQVLRQV ZHUH XQQHFHVVDU\ ELJ 'UDJRQ  GHVLJQ
XVHGPPGLDPHWHUXQLEDOODQGURG?HQGEHDULQJVRI
DQRUPDOTXDOLW\)RUWKH'UDJRQGHVLJQPPRIGLDPHWHUEHDULQJVZHUHXVHG'LIIHUHQFH
RITXDOLW\ZDVKLJKDVWKHPRWRUVSRUWSURGXFWOLQHZHUHXVHG&KDQJHRIEHDULQJGLPHQVLRQV
UHGXFHGZHLJKWDVLWLQIOXHQFHGRWKHUSDUWRIZLVKERQHGHVLJQ+RXVLQJVDUHVPDOOHUDQGWXEH
GLPHQVLRQVFDQEHVPDOOHU
7KH WXEH GLPHQVLRQ ZDV DQ HOHPHQW WR IRFXV RQ 7KH )RUPXOD 6WXGHQW 3URMHFW LV D JUHDW
RSSRUWXQLW\ WR PHHW WKH GHPDQGV RI LQGXVWU\ FRPPXQLFDWLRQ ,Q WKLV FDVH WKLV UHDO OLIH
FRQQHFWLRQGURYHHYHQWKHZLVKERQHGHVLJQ7KHDLPZDVWRUHGXFHWKHZHLJKZLWKGLIIHUHQW
WXEH GLDPHWHU 8QIRUWXQDWHO\ WKHUH ZDV RQO\ [ PP GLPHQVLRQ DYDLODEOH LQ WKH VWRFN
PDUNHW7KHDLPZDVWRXVH[PPGLPHQVLRQ
:KLOH WKH VLPXODWLRQ SURYHG ZH FRXOG XVH VPDOOHU GLPHQVLRQV WKH RWKHU VROXWLRQ ZHUH
FRQVLGHUHG7KHJUHDWHVWIRUFHVRQWKHZLVKERQHVLVFXPXODWHGDWWKHORZHUXSULJKWDWWDFKPHQW
SRLQWV)RUFHVZKLFKDUHDFWLQJLQWRSXSULJKWPRXQWVDUHWKUHHWLPHVORZHU7KDWEURXJKWDQ
LGHD RI XVLQJ HYHQW VPDOOHU WXEH GLDPHWHU IRU WKH WRS ZLVKERQHV 7KH [ PP RI FURVV
VHFWLRQZHUHGHFLGHGWRXVHIRUWHVWVHWRIWRSZLVKERQHV7KDWGHFLVLRQFDPHIURPH[WHQVLYH
)($VLPXODWLRQVKRZQLQ)LJXUHV?
)LJXUH:LVKERQHGHVLJQOD\RXW
)LJXUH/LJKWZHLJKWYHUVLRQRIWRSZLVKERQHVZHUHWHVWHGZLWK)($7XEHFURVVVHFWLRQ
GLPHQVLRQVDUHLQGLDPHWHUDQGRIWKLFNQHVV&RUQHULQJIRUFHZDVXVHGRI1
PDJQLWXGHDVLWHQVXUHVDKXJHDPRXQWRIVDIHW\IDFWRU
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7KH )($ DQDO\VLV SURYLGHG FRPSDULVRQ RI 'UDJRQ  ZLVKERQH GLPHQVLRQV DQG WKH QHZ
OLJKWZHLJKWYHUVLRQIRU'UDJRQGHVLJQ7KHDQDO\VLVVKRZHGWKDWWKHFDUFRXOGVXIIHUIURP
ORZHU VWLIIQHVV RI VXVSHQVLRQ 7KH WRWDO GHIRUPDWLRQ LQFUHDVHG IURP PP WR  7KDW
PHDQVWZRWLPHVZRUVH+RZHYHUWKHGHFLVLRQZDVWRWHVWWKLVYHUVLRQLQUHDOWHVWRQWKHFDU
(YHQWXDOO\WKHWHVWSURYHGWKDWWKHOLJKWZHLJKWYHUVLRQZRUNVYHU\ZHOO$WWKHHQGRIWKHGD\
WKHDPRXQWRIZHLJKWZKLFKZDVVDYHGZHUHDOPRVWJUDPV,QFRQWUDVWRIWKHZKROHFDU
WKLV LV FRQVLGHUDEOH 7KH UDFLQJ FDU LV DQ XOWLPDWH PDFKLQH ZKLFK LV GULYHQ E\ WKH GULYHU
'ULYHUVGLGQRWILQGDQ\LQFRQYHQLHQFHRIXVLQJWKLVOHVVVWLIIYHUVLRQRIWRSZLVKERQHV$QG
WKLVDOOPDWWHU7KHFRPSDULVRQRIZHLJKWLVVKRZQLQ)LJXUHV?7KDQNVWRRQHRI
WKHPDLQSDUWQHUVZLWKPDQXIDFWXULQJSURFHVVZHFRXOGWHVWWKHZHOGLQJTXDOLW\XQGHUWKH[
UD\V?)LJXUH


)LJXUH7RWDOGHIRUPDWLRQRI'UDJRQOLJKWZHLJKWWRSZLVKERQHGHVLJQ
LVPPXQGHUWKHVWHDG\VWDWHFRUQHULQJFRQGLWLRQV
)LJXUH'UDJRQZLVKERQHGHVLJQHQVXUHVKLJKHUVWLIIQHVVKRZHYHUWKHOLJKWZHLJKW
YHUVLRQZDVXVHGHYHQWXDOO\ZLWKDQ\SUREOHP
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)LJXUH'UDJRQOLJKWZHLJKWYHUVLRQ
RIIURQWXSSHUZLVKERQHV7KHSXOOURG
DWWDFKPHQWSRLQWLVYLVLEOH
)LJXUH'LIIHUHQFHRIZHLJKWLV
JUDPV7KLVZDVFRQVLGHUHGDVDELJ
LPSURYHPHQWDVWKLVLVPRUHWKDQRI
ZHLJKWUHGXFWLRQ
)LJXUH'UDJRQUHDUXSSHUZLVKERQH
LQFRQILJXUDWLRQZLWKELJJHUWXEHVFURVV
VHFWLRQGLPHQVLRQV
)LJXUH'UDJRQUHDUXSSHUZLVKERQHLV
OLJKWHU
)LJXUHGXULQJWKHPDQXIDFWXULQJWKH
WHFKQRORJ\RI[UD\VZHUHXVHGWRSURYH
WKHZHOGLQJTXDOLW\7KLVLVDQRWKHUJUHDW
SDUWRI)RUPXOD6WXGHQWSURMHFWDV
VWXGHQWVFDQEHLQYROYHGLQWKHZKROH
GHVLJQSURFHVV(YHQWKHTXDOLW\
GHSDUWPHQW
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 5($5$17,52//%$56
6LQFHWKHYHU\ILUVWSURWRW\SHRI'UDJRQFDUVWKHUHDUDQWLUROOEDUKDGEHHQDOZD\VDVWUXJJOHD
OLWWOHELW7KHELJJHVWLVVXHZDVWKDWWKHERXQGDU\FRQGLWLRQRIODWHUDODFFHOHUDWLRQZDVVHWXS
DW*$IWHUWKH'UDJRQ?VVHDVRQZKHQWKHGDWDDFTXLVLWLRQKHOSHGDORWZLWKNQRZLQJWKH
FDUEHWWHUWKHPHDVXUHGYDOXHVRIODWHUDODFFHOHUDWLRQZDV*LQSHDNV7KDWUHDOO\KHOSHG
WRLPSURYHGHVLJQIRUWKHIRXUWKFDU
%RWK VROXWLRQ ?'UDJRQ  DQG'UDJRQ ZHQW WKURXJK WKH YHU\ VLPLODU SURFHVV 7KHPDLQ
GLIIHUHQFHLVWKDWDWWKH'UDJRQFDUWKHERXQGDU\FRQGLWLRQZDVGHWHUPLQHGZLWKNLQHPDWLFV
VRIWZDUH  * RI ODWHUDO DFFHOHUDWLRQ ZKHUHDV WKH 'UDJRQ  VROXWLRQ XVHG 0$7/$%
FDOFXODWLRQZKLFKZHUHSUHYLRXVO\GHYHORSHGIRUIURQWDQWLUROOEDUDVVHPEO\
 '5$*21$17,52//%$562/87,21
$VZDVPHQWLRQHG SUHYLRXV WKH'UDJRQ $5% V\VWHPZDV GHYHORSHGZLWK DVVXPSWLRQ RI
*7KH DLPZDV WR GHOLYHU DV VLPSOH VROXWLRQ DV SRVLEOH7KHUHIRUH WKH WRUVLRQ EDUZDV
ILWWHG LQWR DPDFKLQHG OHYHU DUE DUP DV LV YLVLEOH LQ )LJXUH  7KH VROXWLRQ HQDEOHV WR
FKDQJHVHWXSYHU\HDVLO\DQGTXLFNO\
$VEXVKLQJWKHSODVWLFEHDULQJVZHUHPDQXIDFWXUHGDQGWKHZKROHDVVHPEO\XVHVRQHRIWKH
FKDVVLVWXEHVXQGHUSXUSRVHRIZHLJKWVDYLQJ

)LJXUH'UDJRQ5HDUVXVSHQVLRQDVVHPEO\$QWLUROOEDUZDVILWWHGLQWRRQHRIFKDVVLVWXEHV
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'(6,*1
7KHUHZHUHWZRPDLQLVVXHVGLVFRYHUHGGXULQJWKHWHVWLQJDQGFRPSHWLWLRQ7KHILUVWSUREOHP
ZKLFKZDVDOUHDG\PHQWLRQHG WKDW WKHFDUUHDFKHGPXFKKLJKHU ODWHUDODFFHOHUDWLRQ WKDQ WKH
DQWLUROO EDU ZDV DFWXDOO\ FDOFXODWHG IRU 7KDW PHDQV WKDW WKH DQWLUROO EDU GLG QRW ZRUN
SURSHUO\7KHRWKHULVVXHZKLFKKHOSHGDORWZLWKXQGHUVWDQGLQJWKHDQWLUROOEDUGHVLJQDORW
ZHUHFRPSOLDQFHV,WZDVSURYHGWKDWZKDWFDQZRUNRQFRPSXWHUVFUHHQPD\QRWZRUNLQUHDO
OLIH7KHELJJHVWSUREOHPZDVWRILWWKHWRUVLRQEDULQWRDUEDUP7KHLGHDZDVWRXVHWZREROWV
EXWLWGLGQRWZRUN
 '5$*21
7KHVHWZRLVVXHVZDVFRQVLGHUHGDWWKHYHU\EHJLQQLQJRIGHYHORSPHQWRIWKHUHDUDQWLUROOEDU
IRU 'UDJRQ  )LUVWO\ WKH ERXQGDULHV FRQGLWLRQ ZDV UHFDOFXODWHG IURP WKH VFUDWFK 7KH
0$7/$%SURJUDPPHZDVXVHGWRDQDO\WLFDOO\FDOFXODWHLQSXWV&DOFXODWLRQVZHUHEDVHGRQ
SURJUDPPH RI SUHYLRXV GHYHORSPHQW RI IURQW VWDELOL]HU 6HYFLN -DQ  ZKLOH LW ZDV
WDLORUHGWRUHDUD[OH
:KLOH WKH H[SHULHQFH ZLWK W\SH RI IURQW DQWLUROO
EDU KDV EHHQ SRVLWLYH LW ZDV GHFLGHG WR XVH YHU\
VLPLODU W\SH 7KH QHZ PRGHO XVHV DQWLUROO EDU
EODGHV LQVWHDG RI DQ DUP 7KH UDQJH RI VHWXS LV
OLQHDUDQGVWLOOUHWDLQVWKHVLPSOLFLW\RIDGMXVWLQJ
7KLVGHVLJQVROXWLRQXVHVRQO\WKHEODGHVDVDVWUHVV
HOHPHQW 7KHUHIRUH WKH WRUVLRQ EDU KDG WR EH
FDOFXODWHGDWOHDVWDQRUGHUKLJKHUIURPVWUHVVSRLQW
RI YLHZ WKDQ WKH EODGHV 8QIRUWXQDWHO\ WKHUH ZDV
OLPLWHG VSDFH IRU PRXQWLQJ WKH WRUVLRQ EDU XQGHU
WKH FKDVVLV 7KDW UHTXHVWHG D VROXWLRQ ZKLFK XVHV
KRXVLQJV IRU ILWWLQJ RI WKH ZKROH DVVHPEO\ 7KH
ZKROHDVVHPEO\LVVKRZQLQ)LJXUH 
)LJXUH'UDJRQ5HDUVXVSHQVLRQDVVHPEO\H[SORGHGYLHZ(DFKSDUWLVGHVFULEHGLQGHWDLO
)LJXUH'UDJRQUHDUVXVSHQVLRQ
DVVHPEO\ZLWKQHZJHQHUDWLRQDQWLUROO
EDUVROXWLRQ
%512	+$7),(/'



'(6,*1
,Q )LJXUH  LV YLVLEOH WKH H[SORGHG YLHZ RI WKH ZKROH DVVHPEO\ 7KH RWKHU GLIIHUHQFH
FRPSDUHWR'UDJRQDQWLUROOEDULVWKHEDOOEHDULQJXVH7KHUHDVRQRIVXFKDQDSSURDFKZDV
WRUHGXFHWKHDPRXQWRIIULFWLRQDVPXFKDVSRVVLEOH
'UDJRQ VROXWLRQ EURXJKW VDWLVIDFWRU\ UHVXOWV GXULQJ WKHZKROH VHDVRQ'HVSLWH WKH IDFW RI
OLPLWHG VSDFH WKH DGMXVWLQJ ZDV YHU\ VLPSOH 7KH IXQFWLRQDOLW\ ZDV WHVWHG DQG PHDVXUHG
GXULQJ D WHVW GD\ ZKHUH WKH XQGHUVWHHU JUDGLHQW ZDV HYDOXDWHG DFFRUGLQJ WR DQWLUROO EDUV
VWLIIQHVVFKDQJHV7KHZKROHUHVXOWVDUHGHVFULEHGLQFKDSWHU
)LJXUH0$7/$%SURJUDPPHUHVXOWVEDVHGRQSUHYLRXVGLSORPDWKHVLV3URJUDPPHZDVWDLORUHG
WRZDUGVWKHUHDUDQWLUROOEDUVROXWLRQ7KLVUHDOO\KHOSHGZLWKWKHZKROHGHYHORSPHQWF\FOHDVWKH
)($MXVWHQVXUHGWKHLQSXWJDLQHGLQWKLVSURJUDPPH
)LJXUH5HDUDQWLUROOEDUH[SRVHGYLHZ
7KHEDOOEHDULQJVXVHLVYLVLEOH7KHZKROH
VROXWLRQWULHVWREHDVVLPSOHDVSRVVLEOH
6HWXSFKDQJHFDQEHHDVLO\GRQHZLWKWKH0
QXW7KH0QXWORFNWKHSRVLWLRQRIEODGH
VDIHO\DVLWVLPSO\SUHWHQVLRQVWKHZKROH
DVVHPEO\
%512	+$7),(/'

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
'(6,*1
%/$'(),1,7((/(0(170(7+2'$1$/<6,6
%DVHGRQ WKHFDOFXODWLRQ LQ0$7/$% WKHGLPHQVLRQVRIEODGHZDVXVHG WRGHVLJQSURFHVV
LQYROYLQJ WKH &$' VRIWZDUH &UHR  3DUDPHWULF DQG WKH )($ VRIWZDUH $QV\V
:RUNEHQFK7KH0$7/$%VRIWZDUHKHOSHGDORWLQWKLVGHVLJQSKDVHDVLWUHDOO\DFFHOHUDWHG
WKHGHYHORSPHQWSURFHVV
)LUVWO\WKHPHVKZDVSUHSDUHG:KLOHWKHEODGHLVDYHU\VLPSOHHOHPHQWWRDQDO\VHLQ)($WKH
PHVKZDV ILQHGZHOO ,Q)LJXUH  LW LVYLVLEOH WKDW URZVRIHOHPHQWVZHUHSUHSDUHG LQ
PHVK 7KH PHVK ZDV JHQHUDWHG ZLWK WDNLQJ LQ DFFRXQW WKDW WKH EODGH LV VKHHWPHWDO SDUW
7KHUHIRUHWKHPHVKLVKH[DJRQDOVKDSHZKLFKDFFHOHUDWHVWKHILQDOVROXWLRQ
7ZRH[WUHPHERXQGDU\FRQGLWLRQZDVDQDO\VHG7KHVRIWSRVLWLRQDQGWKHKDUGSRVLWLRQ7KH
VRIW SRVLWLRQ LV YLVLEOH LQ )LJXUH  7KH RSSRVLWH VROXWLRQ DQJOHG E\  GHJUHHV LV LQ
)LJXUH

 
)LJXUH%ODGHEDVLFVKDSHWHVWHGLQ)($0HVKLQJZDVUHILQHGIRUWKHEHVWUHVXOWV
)LJXUH%RXQGDU\FRQGLWLRQVIRUKDUG
SRVLWLRQ)RUFHLVDFWLQJLQWKHEODGHSODQH
)LJXUH%RXQGDU\FRQGLWLRQVIRUVRIWEODGH
SRVLWLRQ)RUFHLVDFWLQJSHUSHQGLFXODUO\WREODGH
SODQH
%512	+$7),(/'



'(6,*1
7KHILQLWHHOHPHQWDQDO\VLVSURYHGWKH0$7/$%DQDO\WLFDSSURDFKULJKW7KHPDWHULDOXVHG
IRU EODGH PDQXIDFWXULQJ LV &61   ',1 &:  ZKLFK LV KHDW WUHDWHG E\
KDUGHQLQJRQGHJUHHVRIFHQWLJUDGH7KHUHIRUHWKHPDWHULDOFKDUDFWHULVWLFVDUHUHDOO\KLJK
7KH\LHOGVWUHVVKDVYDOXHRI03D
%RWKFRQGLWLRQZKLFKZHUHWHVWHGVRIWDQGKDUGZHUHXQGHUWKHPD[LPXP\LHOGVWUHVVRIWKLV
PDWHULDO %ODGHV ZHUH WHVWHG VWDWLFDOO\ )DWLJXH ZDV QRW DQDO\VHG 2Q WKH RWKHU KDQG RQO\
VLQJOHEODGHEURNHGRZQZKLOHWHVWLQJDIWHUNP7KHUHDVRQZDVWKDWWKHKHDWWUHDWPHQW
SURFHVVZHUHQRWGRQHZHOO7KHWHVWRIKDUGQHVVSURYHGWKDWWKHPDWHULDOFKDUDFWHULVWLFVZHUH
PXFK ORZHU 7KH VHFRQG YHUVLRQZHUHPDQXIDFWXUHG SHUIHFWO\ 6LQFH WKHQ WKH SHUIRUPDQFH
ZHUHDEVROXWHO\SHUIHFW


)LJXUH0D[LPXPGLVSODFHPHQWRIWKHEODGHXQGHUWKHPD[LPXPRIVWDWLFIRUFHLV
PPLQWKHKDUGFRQILJXUDWLRQ
)LJXUH0D[LPXPVWUHVV(TXLYDOHQW9RQ0LVVHVLV03D:KLFKLVXQGHUWKHPD[LPXPRI<LHOG
VWUHVVRIXVHGPDWHULDO7KHIRUFHZKLFKZHUHXVHGIRUWKLVDQDO\VLVXVHGVDIHW\IDFWRURI
7KHUHIRUHWKHZKROHVDIHW\IDFWRULVDURXQG
%512	+$7),(/'



'(6,*1


 
)LJXUHWKHVRIWVHWXSRIEODGH7KHGLVSODFHPHQWLVPP
)LJXUHPD[LPXPVWUHVVZKLFKLVSURGXFHGLQVRIWFRQILJXUDWLRQLVFRQVLGHUDEO\ORZHU
7KHPDJQLWXGHLVXQGHU03D7KLVVWLOOHQVXUHVWKDWWKHXVDJHRIPDWHULDOLVWKH
ULJKWYDULDQW
%512	+$7),(/'



'(6,*1
$66(0%/<),1,7((/(0(17$1$/<6,6
%DVHG RQ WKH FDOFXODWLRQ IURP SUHYLRXV \HDUV WKH PXFK KLJKHU DWWHQWLRQ ZDV IRFXVHG IRU
ZKROH DVVHPEO\ VLPXODWLRQ 7KH ZKROH DVVHPEO\ FDQ UHDOO\ VKRZ KRZ WKH GHVLJQ ZRUNV
IXUWKHUPRUHLWKHOSVWRSUHGLFWWKHUHDOIXQFWLRQDOLW\

,Q)LJXUHLVVKRZQKRZWKHDSSURDFKIRUWHVWLQJZDV7KHDLPZDVWRGHOLYHUKLJKTXDOLW\
PHVKZKLFKHQDEOHVVKRUWDPRXQWRIVLPXODWLRQWLPH7KHUHIRUHHDFKSDUWRIWKHDVVHPEO\ZDV
GHHSO\FRQVLGHUHG
7RUVLRQEDULVVXSSRVHGWREHVWUHVVHGFRQVWDQWO\LQLWVSDUWEHKLQGWKHEHDULQJ+HQFHWKHEDU
ZDVGLYLGHG LQWR WZRERQGHGSDUWV7KHKH[DJRQDO VZHHSPHWKRGZDVXVHG IRU WKH VWUDLJKW
PLGGOHSDUWJUHHQSDUWLQ)LJXUH7HWUDKHGUDOPHVKZLWKUHILQHPHQWDURXQGWKHVXUIDFH
RIWKHKROHDVLVYLVLEOH LQ)LJXUH+H[DJRQDOPHVKZDVDOVRXVHGIRUWKHVSDFHUVXVHG
XQGHUWKHEODGHILWWLQJIDFHDQGXQGHUWKHQXW$VWKHEODGHZDVWHVWHGDQDO\WLFDOO\DQGWKHQ
ILQLWH HOHPHQWPHWKRG SURYHG WKLV FDOFXODWLRQPDLQ FRQFHUQZDV DERXW WKH VWUHQJWK RI WKH
VWHP)LQLWH(OHPHQW$QDO\VLVGRQRWZRUNZLWKRYHUOD\LQJSDUWVDVWKHUHZRXOGDSSHDUORFDO
PD[LPXPV RI VWUHVV UHDFKLQJ LQILQLW\ 7KHUHIRUH WKH QXW DQG VWHP KDYH WR EH VLPSOLILHG
)LJXUHRQO\WKHKDOIRIWKHPRGHOZDVXVHGWR)($DVLWDFFHOHUDWHWKHVLPXODWLRQWLPH'LIIHUHQW
PHVKLQJHQJLQHVZHUHDOVRGHFUHDVLQJWLPHQHHGHGIRUVLPXODWLQJ
)LJXUHVKRZV
PHVKGHWDLOLQ
VHFWLRQ7KH
UHILQHPHQWZDV
ZLGHO\XVHGLQ
SODFHVZLWKKLJKHVW
VWUHVVWRHQVXUHWKDW
UHVXOWVDUHDVFORVH
DVSRVVLEOHWR
UHDOLW\
%512	+$7),(/'

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
'(6,*1
$QRWKHU LVVXHZLWK WKLVNLQGRI VLPXODWLRQ LV SKHQRPHQDFDOOHGEROW SUHWHQVLRQ 6HWWLQJ WKH
EROWSUHWHQVLRQLVFUXFLDOWRGHOLYHUJRRGUHVXOWV7KLVSURFHGXUHKDVWREHGRQHLQWZRVWHSVRI
LWHUDWLRQ )LUVW VWHS DSSOLHV WKH SUHWHQVLRQ IRUFH DQG WKH VHFRQGRQH VWDUWVZLWK DSSO\LQJ RI
IRUFHRQEODGH7KHIRUFHDSSOLHGRQEODGHLVLQLQSODFHDQGGLUHFWLRQRIURGHQGEHDULQJ
7KDQNVWRWKLVTXLFNSRVVLELOLW\RIVLPXODWLQJWKHZKROHDVVHPEO\WKHILQDOYHUVLRQFRXOGKDYH
EHHQ GHOLYHUHG UHDOO\ IDVW 7KH ZKROH DVVHPEO\ VLPXODWLRQ HQDEOHV WR XVH WKH UHVXOWV IRU
FDOFXODWLRQVRIFRUQHULQJEHKDYLRXURIFDUDVZHOO
)LUVWGHVLJQVROXWLRQRIWKHDQWLUROOEDUXVHGVWHPPPRIGLDPHWHU,WKDGWREHFKDQJHGWR
PP DV WKH PD[LPXP RI VWUHVV H[FHHGHG WKH <LHOG VWUHVV RI WKH PDWHULDO $IWHU WKDW WZR
GLIIHUHQWGLDPHWHUVRIWRUVLRQDOEDUZHUHVLPXODWHG7KHLQWHQWLRQZDVWRUHGXFHWKHZHLJKWRI
WKHZKROHDVVHPEO\7KHUHVXOWVVKRZDEVROXWHVPDOODPRXQWRIGLIIHUHQFH)LJXUH
)LJXUHVHFWLRQRIUHDUDQWLUROOEDUHQDEOHVWRVHHGLIIHUHQWW\SHVRIPHVK
XVHGIRUVLPSOLI\LQJWKHZKROHVLPXODWLRQDQGWKHUHIRUHLWVWLPH
)LJXUHORFDOPD[LPXPRIVWUHVVUHDFKHV03DZKLFKLVEHORZWKH<LHOGVWUHVVRIWKHPDWHULDO
XVHGIRUPDQXIDFWXULQJ7KHZKROHDVVHPEO\ZRUNHGZHOOGXULQJWKHZKROHVHDVRQ'UDJRQUXQ
PRUHWKDQUDFLQJNP
%512	+$7),(/'



'(6,*1
$VZDVPHQWLRQHGDERYH WKHUHVXOWVZHUHXVHG IRUFDOFXODWLQJ WKHFDUFRUQHULQJEHKDYLRXU
%DVHGRQ0LOOLNHQ	0LOOLNHQDSSURDFK0LOOLNHQ	0LOOLNHQWKHXQGHUVWHHUJUDGLHQW
ZDVFDOFXODWHG7KHUHVXOWVZHUHFRUUHODWHGGXULQJWHVWVHDVRQRIWKHFDU,QWKH)LJXUHWKH
ZKROHFDUZDVDQDO\VHGLQWHUPRIWKHXQGHUVWHHUJUDGLHQW7KDWKHOSXVWRXQGHUVWDQGKRZWKH
FDUZLOOEHKDYHLQUDQJHRI?*RIODWHUDODFFHOHUDWLRQ7KLVFDOFXODWLRQVKRZVXQGHUVWHHU
EHKDYLRXURI WKHFDU7KHUHDOFDUGLIIHUV MXVW OLWWOHELWDV WKHQDWXUDOEHKDYLRXURI'UDJRQ
ZDV VOLJKW XQGHUVWHHU????????????????????????????







       
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%ODGHSRVLWLRQ>GHJ@
$QWLUROOEDUDVVHPEO\VWLIIQHVVYV%ODGHSRVLWLRQ
)($VLPXODWLRQ
)URQW$5%SRVLWLRQ>GHJ@ 5HDU$5%GLDSRVLWLRQ>GHJ@
5HDU$5%GLDSRVLWLRQ>GHJ@
)LJXUHWKHZKROHDVVHPEO\VWLIIQHVVZDVWHVWHGZLWKGLIIHUHQWEODGHSRVLWLRQV7KH
WUHQGLVQRWOLQHDUDVWKHDVVHPEO\LVPRVWVHQVLWLYHZLWKKLJKHUDPRXQWRIGHJUHH
GHJUHHVPHDQVRIWSRVLWLRQRIEODGHGHJUHHVPHDQKDUGHVWFRQILJXUDWLRQ7KHFDUZDV
WHVWHGLQZKROHUDQJHRIWKHDQWLUROOEDUFRQGLWLRQV7KHUHVXOWVDUHVKRZQLQ&KDSWHU
)LJXUHFDOFXODWHGXQGHUVWHHUJUDGLHQW8QGHUVWHHUFRXOGKDYHEHHQH[SHFWHGIURP
WKHFDU7KHGDWDZHUHFRUUHODWHGGXULQJWHVWLQJ5HVXOWVDUHVKRZQLQ&KDSWHU
%512	+$7),(/'
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
'$7$$&48,6,7,21
 '$7$$&48,6,7,21
0HDVXULQJ DQG HYDOXDWLQJ D SURFHVV LV VRPHWKLQJZKDW KXPDQV KDYH EHHQ GRLQJ VLQFH WKH
WLPHWKH\QHHGHGWRLPSURYH,QJHQHUDOHYHU\NLQGRIKXPDQDFWLYLW\FRXOGEHPHDVXUHG,W
GRHVQRWQHHGWREHDQHQJLQHHULQJDSSURDFKLQPRWRUVSRUWRUDQ\NLQGRIUHVHDUFK1RZDGD\V
DOPRVW HYHU\ FRPSDQ\ LQ WKHZRUOGPHDVXULQJ ORJJLQJ VRPH NLQG RI GDWD ZKLFK FRQWURO
JURZDQGSHUIRUPDQFH
,I \RX FDQQRW PHDVXUH DQ DFWLYLW\ \RX FDQQRW FRQWURO LW ,I \RX
FDQQRW FRQWURO LW \RX FDQQRW PDQDJH LW :KHQ SHUIRUPDQFH LV
PHDVXUHG SHUIRUPDQFH LPSURYHV :KHQ SHUIRUPDQFH LV PHDVXUHG
DQGUHSRUWHGEDFNWKHUDWHRILPSURYHPHQWDFFHOHUDWHV.3,
:KLOH0RWRUVSRUWKDVEHHQDOZD\VXVHGDVDODERUDWRU\RIDXWRPRWLYHFRPSDQLHVWKHDLPRI
GHYHORSLQJQHZWHFKQRORJLHVZDVFUXFLDO,QGHYHORSPHQWRIDQHQJLQHHULQJVROXWLRQWKHRQO\
ZD\KRZWRSUHSDUHD UHDVRQDEOHUHVXOWZKLFKFDQFRQWUROGHVLJQGHFLVLRQLV WRPHDVXUHWKH
IXQFWLRQDOLW\UHOLDELOLW\RUSHUIRUPDQFHRIDFRPSRQHQW7KHUHIRUH)RUPXODWHDPVLQHDUO\
\HDUVZHUHORJJLQJVRPHNLQGRIGDWD
'XULQJODVWWZRGHFDGHVWKHGDWDDFTXLVLWLRQV\VWHPVKDYHGHYHORSHGDORW:KHUHLVGHPDQG
RIIHUFRPHVLPPHGLDWHO\7KLVUXOHLVDSSOLFDEOHHYHQLQWKLVLQGXVWU\7RGD\WKHUHLVDORWRI
FRPSDQLHV LQ WKH PDUNHW 7KH PDLQ GLIIHUHQFH LV SUREDEO\ LQ VRIWZDUH ZKLFK KDV EHHQ
GHYHORSHGE\HDFKRIWKHVHFRPSDQLHV7KHGDWDXQLWVWKHPVHOYHVDUHYHU\VLPLODU7KH\YDU\
LQ QXPEHU RI DQDORJ RU GLJLWDO LQSXWV VRPH RI WKHP KDYH *36PRGXOH RU DFFHOHURPHWHUV
LQVLGH HWF 'DWD ORJJLQJ V\VWHPV ZRXOG EH QRWKLQJ ZLWKRXW D VHQVRUV ZKLFK PHDVXUH
EHKDYLRXU RI D FRPSRQHQW ([DPSOH FDQ EH ZKHHO VSHHG VHQVRU HQJLQH 530 RU GDPSHU
SRVLWLRQVHQVRUV$OOWKHVHVHQVRUVKDYHWREHFRQQHFWHGLQWRWKHXQLWGLUHFWO\RUYLD&$1
2QH H[DPSOH LV VKRZQ LQ )LJXUH  7KH SURGXFW 0RWHF L LV GDWD DQDO\VLQJ VRIWZDUH
GHYHORSHG E\$XVWUDOLDQ FRPSDQ\0R7H& 7KH OD\RXW RI VRIWZDUH LV IXOO\ SHUVRQDO DQG LW
GHSHQGVRQHQJLQHHU?VGHPDQG,QWKHVDPHILJXUHWKHUHDUHGLIIHUHQWWUDFHVWRDQDO\VHGULYHU?V
VW\OH
)LJXUH0R7H&LSURVRIWZDUHZLWKH[DPSOHGDWD6SHHGWUDFHWKURWWOHSRVLWLRQSHGDO
WUDFHHQJLQH530ODWHUDODFFHOHUDWLRQEUDNHSUHVVXUHVRUFRDVWLQJFDOFXODWLRQLVVKRZQ
GULYHUWRLPSURYHKLVRUKHUWLPH
%512	+$7),(/'
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'$7$$&48,6,7,21
 '5$*2162/87,21
78 %UQR 5DFLQJ KDYH EHHQ XVLQJ 5DFH 7HFKQRORJ\ GDWD ORJJLQJ V\VWHP ZLWK D ZKROH
HFRV\VWHPRIVHQVRUV$OORIWKHVHQVRUVDUHYLVLEOHLQ)LJXUH'DWDORJJHULWVHOIFRQWDLQV
DFFHOHURPHWHUVDQGJ\URVFRSHV'DWDORJJHUVKRXOGEHDWWKHYHKLFOHFHQWUHRIJUDYLW\DVWKHUH
ZRXOG EH WKH EHVW SRVLWLRQ IRU PHDVXULQJ DFFHOHUDWLRQV DQG \DZPRYHPHQW RI WKH FDU ,Q
VLQJOHVHDWHUFDULWLVGLIILFXOWDVWKHFHQWUHRIJUDYLW\LVORFDWHGLQGULYHU?VKLSV7KHUHIRUHWKH
XQLWLVPRXQWHGEHQHDWKGULYHU?VNQHHV

)LJXUH/LVWRIVHQVRUVDQGXQLWVXVHGRQ'UDJRQPRQRSRVW
 
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5DFH7HFKQRORJ\GDWDDQDO\VLQJVRIWZDUH$QDO\VLVYLVXVHGIRUDQDO\VLQJGDWDORJJHGRQ
'UDJRQFDUV7KHVRIWZDUHOD\RXWZDVEHHQWDLORUHGWRWHDP?VGHPDQGV ,QJHQHUDO WKHUHDUH
VLPSOHUXOHVZKLFKVKRXOGEHXQGHUWDNHQHYHU\VLQJOHWLPHZKHQWKHFDUGDWDDUHGRZQORDGHG
LQWRFRPSXWHU7KLVDOVRGULYHVWKHVRIWZDUHOD\RXWLWVHOI&DUYLWDOVLJQV?WKHPRVWLPSRUWDQW
WRWKHZKROHWHDPDWOHDVWLWVKRXOGEH7KHVROXWLRQRI78%UQR5DFLQJOD\RXWLVYLVLEOHLQ
)LJXUH  ,I WKH FDU LV LQ JRRG FRQGLWLRQ WKH GULYHU DQG YHKLFOH DQDO\VLV FDQ EH VWDUWHG
'ULYHU?VEHKDYLRXULVDQDO\VHGEDVHGRQKLVLQSXWVWRWKHFDU,QUHDOLW\GULYHUFDQFRQWUROWKH
FDUZLWKVWHHULQJZKHHOWKURWWOHSHGDOEUDNHSHGDOFOXWFKDQGJHDUVKLIWHU'DWDHQJLQHHUFDQ
KHOSGULYHUWRILQGVSDFHWRLPSURYHGULYHU?VVPRRWKQHVVDQGFRQVLVWHQF\ODSE\ODS

)LJXUH(QJLQHKHDOWKVFUHHQOD\RXWLQ5DFH7HFKQRORJ\$QDO\VLVYVRIWZDUH,QWKLVVLWXDWLRQLW
LV UHDVRQDEOH WR VKRZ GDWD RQ WLPH QRW RQ GLVWDQFH 7KLV KHOSV WR FRQWURO HQJLQH YLWDOLW\ (QJLQH
530 (QJLQH RLO SUHVVXUH RLO WHPSHUDWXUH ZDWHU WHPSHUDWXUH EDWWHU\ YROWDJH DQG PDQ\ PRUH
VHQVRUVFDQEHVKRZQRQVXFKDVFUHHQ
,QVHDVRQGDWDDFTXLVLWLRQV\VWHPZDVXVHGD ORW LQ78%UQR5DFLQJ WHDPWRHYDOXDWH
YHKLFOHDQGGULYHUV?GDWD,Q)RUPXOD6WXGHQWSURMHFWDUHQRQSURIHVVLRQDOGULYHUV7KLVEULQJV
GHPDQGRIGULYHU WUDLQLQJ2QWKHRWKHUKDQG WKHFDU LVSURWRW\SHZLWKXQNQRZQEHKDYLRXU
)RUH[DPSOH'UDJRQZDVWKHILUVWFDURI%UQRZKLFKKDGDHURG\QDPLFVSDFNDJH7KLVQHZ
IHDWXUHQHHGHGWRHYDOXDWHLQUHDOWHVWLQJWRILQGEHVWSRVVLEOHVROXWLRQRIVXVSHQVLRQVHWXS
,Q QH[W SDUW RI WKLV FDSWXUH YHKLFOH DQDO\VLV DQG GULYHUV? EHKDYLRXU ZLOO EH VKRZQ DV ZDV
DQDO\VHG GXULQJ WHVW VHDVRQ $OO WKHVH GDWD ZDV XVHG DV D GRFXPHQW 6HWXS %RRN DW
FRPSHWLWLRQV GXULQJ WKH VHDVRQ LQ 'HVLJQ SUHVHQWDWLRQ 7KH ELJJHVW LQIOXHQFH LW KDG DW
)RUPXOD6WXGHQW*HUPDQ\ZKHUH LWZDV RQH RI WKHPDLQ HOHPHQWZKLFK EURXJKW WK
SODFH LQ 'HVLJQ 3UHVHQWDWLRQ ,W SURYHV KRZ LPSRUWDQW LV WR WUDFN WKH YHKLFOH DQG GULYHUV
SHUIRUPDQFH LQ WLPH LQ GLVWDQFH %HFDXVH ZLWKRXW ORJJLQJ GDWD DQG DQDO\VLQJ WKHP WKH
ZKROHVROXWLRQRIDQ\SUREOHPLVGULYHQRQO\E\RSLQLRQRIDIHZSHUVRQV
 
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 7,0(6&+('8/('5$*21
$W WKHEHJLQQLQJRI WHVW VHDVRQ LWZDV LPSRUWDQW WRVHWXS WLPHVFKHGXOHRI WKHVHGD\V7KH
YHU\ LPSRUWDQW IDFWRUZKLFKKHOSHG D ORWZLWK WKLV SODQQLQJZDV WKH GD\ZKHQ WKH FDUZDV
IXOO\ SUHSDUHG IRU WHVWLQJ 78 %UQR 5DFLQJPDQDJHG WR UXQ WKH FDU DW VW RI0D\ ZKLFK
HQVXUHGPRQWKVRIWHVWLQJEHIRUHILUVWFRPSHWLWLRQ)RUPXOD6WXGHQW*HUPDQ\
,WZDVGHFLGHGWRIROORZ)RUPXOD6WXGHQWFRPSHWLWLRQSURJUDPLQWKHWHVWVHDVRQ$WWKHYHU\
EHJLQQLQJWKHUHZHUHGD\VRIUHOLDELOLW\7KHVHGD\VZHUHDOODERXWSULPDU\FKHFNRIDOO
V\VWHPV DQG DERXW FDOLEUDWLRQ RI HDFK VHQVRU ,PPHGLDWHO\ DIWHU WKLV FDOLEUDWLRQ WKH
DHURG\QDPLFVWHVWZHUHSUHSDUHG$VZDVPHQWLRQHGEHIRUH'UDJRQZDVWKHILUVWPRQRSRVW
ZLWKDHURG\QDPLFSDFNDJH'XHWRLPSRVVLELOLW\RIWHVWLQJLQDZLQGWXQQHOLWZDVLPSRUWDQW
WR FRUUHODWH WKH&)'GDWD DQG WDLORUHG WKH VXVSHQVLRQ VHWXS DFFRUGLQJ WR GRZQIRUFH5LJKW
DIWHU WKH DHURG\QDPLF WHVWV WHDP IRFXVHG RQ VNLG SDG GLVFLSOLQH 7KLV GLVFLSOLQH LV YHU\
LPSRUWDQW WR XQGHUWDNH DV VRRQ DV SRVVLEOH DV LW HQDEOHV WR VHWXS WKH VXVSHQVLRQ DVZHOO DV
SRVVLEOH0RUHRYHUGULYHUVQHHG WREHZHOOSUHSDUHGDQGKDYH WKLV ULWXDOXQGHU WKHLUVNLQ ,W
VDGWRVHHIDLOHGDWWHPSWVWRUXQWKURXJKVNLGSDGDWFRPSHWLWLRQHYHU\\HDU'XULQJVNLGSDG
VHDVRQWKHXQGHUVWHHUJUDGLHQWZDVPHDVXUHGGHSHQGLQJRQGLIIHUHQWDQWLUROOEDUVHWXS
7KHVNLGSDGWHVWLQJSURYLGHGGHFHQWVHWXSIRUUHVWRIGLVFLSOLQHV$XWRFURVVDQG(QGXUDQFH
WHVWVZDVIDLUO\LGHQWLFDODWWKHEHJLQQLQJ0HDVXULQJW\UHVWHPSHUDWXUHDIWHUILUVWDQGVHFRQG
IDVW ODS HQDEOHV WR XQGHUVWDQG W\UHV EHKDYLRXU /RQJ GLVWDQW VWLQWV WULHG WR VLPXODWH ZKROH
HQGXUDQFH DQG KHQFH WKH UHOLDELOLW\ RI WKH FDU /DVW GLVFLSOLQHZKLFK KDG WR EHHQ WHVWHG LV
DFFHOHUDWLRQ2QORFDODJULFXOWXUDODLUSRUWVDPHZKHUHWKHDHURG\QDPLFVZHUHFRUUHODWHGWKH
EHVWWLPHZLWKRXUVLQJOHF\OLQGHUHQJLQHFDUZHUHLPSURYHGDORW
,Q)LJXUHLVVKRZQWKHWHVWLQJWUDFN,WLVLPSRUWDQWWRSUHSDUHWUDFNZKLFKVLPXODWHVUHDO
FRQGLWLRQVDWFRPSHWLWLRQDVFORVHDVSRVVLEOH$QRWKHUDVSHFWRIKDYLQJFRQVLVWHQWWUDFNLVWKH
RSSRUWXQLW\ WR FRPSDUH SHUIRUPDQFH GXULQJ WKH ZKROH WHVW VHDVRQ RU HYHQ WR DQDO\VH
LPSURYHPHQWKRSHIXOO\RIWKHQHZFDULQWKHQH[WVHDVRQ%HFDXVHDWWKHHQGRIWKHGD\WLPH
LVHYHU\WKLQJ(YHU\WKLQJVKRXOGEHFRPSDUHGWRODSWLPH
)LJXUH78%UQR5DFLQJWHVWFLUFXLWDW%UQRH[KLELWLRQFHQWUH7UDFNFRQGLWLRQV
VLPXODWHWKHUHDOWUDFNDWFRPSHWLWLRQVEDVHGRQ)6$(UXOHV6$(7KHRQO\
GLIIHUHQFHLVZLGHRIWKHWUDFN,WLVRQHPHWHUQDUURZHUWRGHOLYHUWRXJKFRQGLWLRQV
IRUGULYHU7RWUDLQWKHGULYHUQRWWRKLWFRQHVLVLPSRUWDQWDVWKHUHLVDOZD\V
SHQDOL]DWLRQIRUVXFKDQLQFLGHQW%DVLFGDWDRIWKHWUDFNSURYLGHVPVWUDLJKW
PWRPVODORPVORZDQGIDVWFRUQHUVVNLGSDGFRUQHUW\SLFDO)6*FKLFDQH
:LGWKRIWUDFNLVPLQDYHUDJHFRPSDUHWRPDVLVVWLSXODWHGLQUXOHV
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%HIRUH WKH WHDP OHIW XQLYHUVLW\ IDFLOLWLHV WR FRPSHWH DW )RUPXOD 6WXGHQW *HUPDQ\ WKHVH
QXPEHUVZHUHDQDO\VHGDIWHUWHVWVHDVRQ%HWZHHQVW0D\DQGWKRI-XQHWKHUHZHUHWHVW
GD\VZLWKWHVWNP7KHFDUUXQIXOO(QGXUDQFHVLPXODWLRQVDURXQGVNLGSDGV
RIWKHPZDVZHWSDGVDVDW)RUPXOD6WXGHQW*HUPDQ\WKHVNLGSDGLVUXQLQZHWFRQGLWLRQV
DQGDURXQGDFFHOHUDWLRQV
,Q WKHVH WHVW WKH PD[LPXP RI ORQJLWXGLQDO DFFHOHUDWLRQ ZDV  * PLQLPXP RI WKLV
DFFHOHUDWLRQZDV*0D[LPXPRIODWHUDODFFHOHUDWLRQZDV*$WWKHHQGRI(QGXUDQFH
WHVWV WKHPD[LPXPRIW\UHWHPSHUDWXUHZDVGHJUHHVRIFHQWLJUDGH1HZGHVLJQRIEUDNHV
HQVXUHV WKDW WKH EUDNHV ZHUH ZRUNLQJ LQ ULJKW UDQJH RI WHPSHUDWXUHV ?  GHJUHHV RI
FHQWLJUDGHRQIURQWDQGRQWKHUHDUD[OH
$OOWKHVHLQIRUPDWLRQDUHSURYLGHGLQ)LJXUHIRUHDV\RULHQWDWLRQ
Total # of racing km 500 
Total # of test days 26 
# of Endurance simulations 10 
# of Skid pads 
350 (100 wet skid 
pad) 
# of Accelerations 300 
Maximum of long. G 1.6 
Minimum of long. G 2.1 
Maximum of lat. G 2.4 
Maximum of tires temperature 70 deg 
maximum of brakes 
temperature 250 front/150 rear 
)LJXUH3UHVHDVRQWHVWVRYHUYLHZ
 &$/,%5$7,21
7KHILUVWWHVWZHUHXVHGWRJHWXVHGWRQHZ
FDU IURP WKHPHFKDQLFDO SRLQW RI YLHZ 7KH
WHVWWUDFNZDVMXVWDVLPSOHRYDO)LJXUH
DW WKH XQLYHUVLW\ SDUNLQJ SODFH ,Q )RUPXOD
6WXGHQW WHDP LW LV LPSRUWDQW WR VHW WKH WHDP
UROHV IRU WKH WHVWVHVVLRQV7KLV?VLPSOH? WHVW
GD\V ZHUH XVHG WR SUHSDUH WHDP IRU WHDP
ZRUN
%HVLGH WKH UHOLDELOLW\ WHVWLQJ WKH VHQVRU
FDOLEUDWLRQ DQG VHQVRU FRQWURO ZDV
XQGHUWDNHQ ,Q )LJXUH  DUH WKH EUDNH
SUHVVXUH WUDFHV VKRZQ7KLV HQDEOH WKH WHDP
WR XQGHUVWDQG EUDNH ELDV GLVWULEXWLRQ DQG
DOVRLWKHOSVWRFRQWUROLIWKHEUDNHVDUHEOHHG
ZHOO ,Q UDFLQJ UHJLPH WKLV WUDFHV DUH XVHG D
ORWWRHYDOXDWHGULYHU?VVW\OHFRQVLVWHQF\DQG
VPRRWKQHVVIRUH[DPSOH 
)LJXUH)LUVWWHVWVZHUHGRQHDWXQLYHUVLW\
IDFLOLW\6DIHO\FORVHGSDUNLQJSODFHDWZHHNHQGV
FDQEHJUHDWSODFHZKHUHWRVWDUWZLWKWHVWLQJ
ZLWKRXWJRLQJIDUDZD\WRELJJHUWHVWSODFHV
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7KHUH ZHUH DOVR GDPSHU SRVLWLRQ
VHQVRU FDOLEUDWLRQ SURYLGHG
DFFHOHURPHWHUV FKHFN DQG HQJLQH
PDQDJHPHQW FRQWURO IRU H[DPSOH
,Q )LJXUH  DUH DFFHOHUDWLRQ
WUDFHVSURYLGHG7KLVWUDFHVKHOSWR
DQDO\VH W\UH FDSDFLW\ DQG GULYHUV
DELOLW\ WRPDNH WKHPRVW RI WKHP
)URPVWDWLVWLFDOSRLQWRIYLHZ LW LV
XVHIXO WR WUDFN WKH W\UH
SHUIRUPDQFH LQ WLPH 'LIIHUHQW
DPELHQW WHPSHUDWXUHV GLIIHUHQW
FDPEHU DQG WRH VHWWLQJV SURYLGH
GLIIHUHQW W\UH WHPSHUDWXUHV
8QGHUVWDQGLQJ WKH W\UHV LV
XOWLPDWHO\ WKH PRVW LPSRUWDQW
HOHPHQWLQUDFLQJZRUOG
 6.,'3$'	:(73$'
6NLG SDG GLVFLSOLQH LV ZLGHO\ XVHG QRW
RQO\ LQ )RUPXOD 6WXGHQW WHVWLQJ
&RUQHULQJ DELOLW\ LV YHU\ LPSRUWDQW
HOHPHQW HYHQ IRU SDVVHQJHU FDUV
7KHUHIRUH WKLV WHVW RI VWHDG\VWDWH
FRUQHULQJ LV YHU\ SRSXODU %DVHG RQ
)6$( UXOHV WKH VNLG SDG ZDV WHVWHG
H[WHQVLYHO\ LQ SUHVHDVRQ WHVWV 7KHUH
ZHUH  DOO GD\V RI WHVWLQJ XVHG IRU WKLV
GLVFLSOLQH ,W ZDV LPSRUWDQW WR WHDFK
GULYHUV WR EH FRQVLVWHQW GLIIHUHQW VHWXS
RI VXVSHQVLRQ ZDV WHVWHG DV ZHOO
'LIIHUHQW VSULQJV ZHUH XVHG EDVHG RQ
DHURG\QDPLF GRZQIRUFH LQIOXHQFH
%HIRUH )RUPXOD 6WXGHQW *HUPDQ\
H[WHQVLYH WHVWLQJ RI ZHW VNLG SDG ZHUH
SODQQHGWRWHDFKGULYHUDQGVHWXSWKHFDU
DFFRUGLQJO\WRZHWFRQGLWLRQV
 
)LJXUH%UDNHVWUDFHVUHGLVWKHIURQWEOXHWKHUHDUORRP
DUHYHU\LPSRUWDQWLQGDWDDQDO\VLV,WLVHQDEOLQJWR
XQGHUVWDQGEUDNHVDORWIURPWKHYHKLFOHSRLQWRIYLHZ
0RUHRYHUGULYHUVFDQOHDUQDORWRILQIRUPDWLRQRXWRIWKLV
WUDFHVDVZHOO&RQVLVWHQF\VPRRWKQHVVVSHHGDQG
DJJUHVVLYHQHVVDUHLPSRUWDQWIDFWRUV
)LJXUHORQJLWXGLQDODQGODWHUDOWUDFHVVKRZWKHFDSDELOLW\RIW\UHVDQGGULYHUV
DELOLW\WRXVHWKHP
ULJKWRQWKHHGJHRIWKHLUSHUIRUPDQFH
)LJXUH*36PDSRIVNLGSDG&RQVLVWHQF\LV
LPSRUWDQWLQWKLVGLVFLSOLQH7KHWHVWSURFHGXUHZDV
GULYHQE\UXOHVDVWKHFDUKDVWRUXQWZRULJKWFLUFOHV
EOXHWUDFHDQGWZROHIWFLUFOHVUHGWUDFH
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7RXQGHUVWDQG WKH FDU DW WKHEHJLQQLQJRI VHDVRQ WKHXQGHUVWHHU JUDGLHQWPHDVXUHPHQWZDV
GRQHDWWKHILUVWVNLGSDGWHVWV7KLVFKDUDFWHULVWLFVKRZVKRZWKHFDULVVHQVLEOHWRGLIIHUHQW
DQWLUROOEDUVVHWXS7KLVWHVWVKHOSHGWKHWHDPWRXQGHUVWDQGWKHVHWXSDQGHYHQWXDOO\ILQGWKH
ZD\KRZWRGHOLYHUPHFKDQLFDOO\ZHOOEDODQFHGFDU
'LIIHUHQWDQWL?UROOEDUVHWXSDWWHVW
D )URQW$5%VRIW5HDU$5%GLVPDQWOHG
E )URQW$5%VRIW5HDU$5%VRIW
F )URQW$5%VRIW5HDU$5%KDOIKDUG
G )URQW$5%VRIW5HDU$5%KDUG
H )URQW$5%KDOIKDUG5HDU$5%KDUG
I )URQW$5%KDUG5HDU$5%KDUG
,Q ILJXUHV  WR  WKH GLIIHUHQW FKDUDFWHULVWLFV ZKLFK ZHUH DQDO\VHG DUH VKRZQ DQG
H[SODLQHG$WWKHHQGRIWKHWHVWGD\XQGHUVWHHUJUDGLHQWZHUHHYDOXDWHG7KHVXUSULVHZDVWKDW
WKHUHDUZLQJLQIOXHQFHGWKHFDUDORWHYHQDWWKLVVSHHGOHYHOOHVVNSKLQDYHUDJH$VWKH
UHVXOWVRIWKLVGRZQIRUFHHIIHFWGLIIHUHQWVSULQJVZHUHXVHGIRUWKHFDUDWWKHUHDUD[OH6WLIIHU
VSULQJVSURYLGHGVLJQLILFDQWGLIIHUHQFHRIXQGHUVWHHUEHKDYLRXURIWKHFDU7KLVGLIIHUHQFHLV
VKRZQLQ)LJXUHDQG
)LJXUH6LQJOHFLUFOHRIVNLGSDGLVVKRZQLQWKHVHWUDFHV7KHWDUJHWRIWKLVGLVFLSOLQHLVWREH
VPRRWKDQGFRQVLVWHQW6WHDG\VWDWHFRUQHULQJWKHQDPHRIWKHDFWLVFOHDUHQRXJK7KHUHIRUHWKH
FRQVWDQWODWHUDODFFHOHUDWLRQWKURWWOHSRVLWLRQVWHHULQJDQJOHDQGVSHHGWUDFHVVKRXOGEHFRQVLVWHQW
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)LJXUHGDPSHUVVHQVRUSRVLWLRQHQDEOHWRVHHWKHWUDFNSURILOH,WLVLPSRUWDQWWRILQGLGHDOWUDFN
FRQGLWLRQ7KHVHVHWRIGDWDZHUHFROOHFWHGDWDORFDODJULFXOWXUDODLUSRUW2QHRIWKHGHVLJQDLPVRI
VXFKDQDLUSRUWLVWKHDQJOHGSURILOHFRPSDUHWRURRIWRHQDEOHZDWHUWRJRRIIWKHVXUIDFHQDWXUDOO\
7KLVGURSLVVHHQLQWKHGDWDDWPRIGLVWDQFHD[LV
)LJXUHKDYLQJDOOZKHHOVSHHGVHQVRUVDWHDFKZKHHOSURYLGHVDKXJHDGYDQWDJH,QWKHVHWUDFHV
LVFOHDUO\YLVLEOHKRZWKHUHDUULJKWZKHHOLVXQVWDEOH7KHFRQWDFWEHWZHHQWKHW\UHDQGWUDFNVXUIDFH
LVLQVXIILFLHQWDVWKHZKHHOVOLGHVRQWKHWUDFN:KHHOLVXQORDGHG7KLVIDFWZDVLPSURYHGZLWK
GLIIHUHQWDQWLUROOEDUVHWXS$QRWKHURSWLRQLVWRFKDQJHGLIIHUHQWLDOVHWXS7KLVLVRQHRIWKHIDFW
ZKLFKGURYHWKHWHDPWRGHVLJQQHZNLQHPDWLFVIRU'UDJRQJHQHUDWLRQ
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
'$7$$&48,6,7,21

)LJXUHIRXUGLIIHUHQWJUDSKVDQDO\VHVGLIIHUHQWDVSHFWVDWVNLGSDG/HIWXSSHUJUDSKVKRZVRQH
SRVVLEOHYLHZRIXQGHUVWHHUJUDGLHQW/DWHUDODFFHOHUDWLRQDV[D[LVDQGVWHHULQJDQJOHDV\D[LV7KH
SURJUHVVLRQLVYHU\VLPLODUWRGDWDPHDVXUHGDQGHYDOXDWHGLQ)LJXUHDQG5LJKWXSSHUDQG
ULJKWGRZQJUDSKVFRQWUROWKHGULYHUVPRRWKQHVVDQGFRQVLVWHQF\2QWKHVWHHULQJDQJOHWUDFHDUH
YLVLEOHDIHZGURSV7KLVZDVGXHWRWKHWUDFNSURILOHDVZDVPHQWLRQHGSUHYLRXVO\URRIVKDSH
8QORDGLQJRIWKHIURQWD[OHKDGWREHFRQWUROOHGE\GULYHU
 
)LJXUH8QGHUVWHHUJUDGLHQW
HYDOXDWHGZLWKH[SRUWHGGDWDWRH[FHO
7KLVFRXOGEHXVHGDVDFRPSDULVRQ
EHWZHHQGLIIHUHQWVHWXSV7KHDEVROXWH
QXPEHUVFRXOGEHSURYLGHGZLWK
PHDVXULQJRIVOLSDQJOHRIWKHFDU
8QIRUWXQDWHO\WKH78%UQR5DFLQJZDV
QRWDEOHWRWHVWWKLVFKDUDFWHULVWLFV
)LJXUHGXHWRWKHGRZQIRUFHZKLFK
LVDFWLQJRQWKHFDUHYHQDWWKLVVSHHGLW
ZDVQHFHVVDU\WRFKDQJHWKHUHDU
VSULQJVVWLIIQHVV7KLVVSULQJOD\RXWZDV
XVHGIRUWKHZKROHVHDVRQ,Q
DHURG\QDPLFGDWDLWLVVKRZQKRZ
HIILFLHQWWKHUHDUZLQJZDV7KHUHIRUH
WKHORDGWUDQVIHULQVSHHGSURJUHVVLRQ
ZDVTXLWHVLJQLILFDQW6WLIIHUUHDUVSULQJV
KHOSHGWRVROYHWKLVHIIHFWVLJQLILFDQWO\
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'5,9(5$1'9(+,&/($1$/<6,6$76.,'3$'
$IWHU WKH EDVLF VHWXS ZDV IRXQG WKH WHDP
FRXOG SURFHHG WR DQRWKHU VWDJH RI VNLG SDG
WHVWLQJ7KDWZDV WKH ILQDO YHKLFOH VHWXS DQG
PDLQO\ GULYHUV? WUDLQLQJ 7KH FRQVLVWHQF\ LV
WKHPDLQ IDFWRU7KDWZDV WKH UHDVRQ IRU WKH
DSSURDFK ZKLFK LV YLVLEOH LQ ILJXUH 
(YHU\ GULYHU KDG WR XQGHUWDNH WKH VNLG SDG
SURFHGXUHDVKHZRXOGGRQHDWFRPSHWLWLRQ
7KDWPHDQVVWDUWSURFHGXUHWZRULJKWFLUFOHV
WZR OHIW FLUFOHV DQG ORQJ VORZ GULYH DURXQG
WKHVLWH7KLVLVUHDOO\LPSRUWDQWKDELW'ULYHU
ZRXOGEHVWUHVVHGDORWDWWKHFRPSHWLWLRQDQG
WKHUH LV QR SODFH WR PDNH DQ XQIRUFHG
PLVWDNH 7KH VWRSVWDUW SURFHGXUH LV
LPSRUWDQWHYHQIURPWKHSV\FKRORJLFDOSRLQW
RI YLHZ 'ULYHU QHHGV WR EH FDOP DQG IXOO\
FRQFHQWUDWHGWRHDFKDWWHPSWDV LWLV WKHUHDORQH7KLVDSSURDFKKHOSHGWKHWHDPWRVXFFHHG
IRUH[DPSOHDW)RUPXOD6WXGHQW*HUPDQ\DIWHUZDUGV
,Q WKLV SDUW RI VNLG SDG WHVWLQJ WKH YHKLFOH EHKDYLRXU ZDV VWXGLHG D ORW )RUPXOD 6WXGHQW
SURMHFW LV D OHDUQLQJ SURFHVV 7KHUHIRUH WKH FDU EHKDYLRXU LV VRPHWKLQJZKDWZDV H[SORUHG
IURPWKHVFUDWFK,Q)LJXUHV?LVH[SODLQHGZKDWZDVVWXGLHGGHHSO\
 
)LJXUHFRQVLVWHQF\LVLPSRUWDQW7KHSURFHVV
LVGHVFULEHGLQWH[W7KHYHKLFOHUDFLQJOLQHLV
LQIOXHQFHGZLWKWKHGDPDJHGFDEOHRIJSVPRGXOH
7KLVSUREOHPFRXOGEHVRUWHGLQWKHZLQWHUDIWHU
WKHVHDVRQ
)LJXUH9HKLFOHORDGWUDQVIHU7KHODWHUDODFFHOHUDWLRQRQ[D[LVDQGGDPSHUSRVLWLRQRQ\
D[LVKHOSWRDQDO\VHWKLVSKHQRPHQD(DFKJUDSKUHSUHVHQWVGLIIHUHQWZKHHORIWKHFDU,WLVWRS
YLHZRQWKHFDU)RUHDVLHUXQGHUVWDQGLQJWKLVFRXOGEHGLIIHUZLWKGLIIHUHQWFRORXUV IRUHDFK
FRUQHURI WKHFDU$WWKHEHJLQQLQJRIWKH WHVWVHDVRQ WKLVJUDSKVKHOSHG WHDPXQGHUVWDQG WKH
ODWHUDOZHLJKWWUDQVIHUV%DVLFDOO\LWFDQVKRZLIWKHGDPSHUZRUNVLQWKHZKROHUDQJHRIWUDYHO
RULIWKHUHLVDQ\EXPSVWRSSUREOHP'XULQJWKHVHDVRQWKLVJUDSKVKHOSHGWRDQDO\VHGLIIHUHQW
VXVSHQVLRQ VHWXS 7KH H[DPSOH LV SURYLGHG LQ $XWRFURVV DQG (QGXUDQFH FKDSWHU 'LIIHUHQW
PRXQWLQJSRLQWVWKHUHIRUHGLIIHUHQWNLQHPDWLFVRIUHDUZLVKERQHVZHUHWHVWHGH[WHQVLYHO\
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


'$7$$&48,6,7,21
 
)LJXUH/DWHUDODFFHOHUDWLRQRQWKLVWUDFN
PDSKHOSVWRVKRZGULYHUKLVLQFRQVLVWHQFH
&RORXURIWKHPDSVKRXOGUHPDLQWKHVDPH
WKURXJKRXWWKHZKROHFLUFOH7KLVPDSDQDO\VLV
FDQLQIRUPDERXWWKHGULYHURUFDUEHKDYLRXUDW
WKHILUVWVLJKW'HHSHUDQDO\VLVDUHVKRZQLQQH[W
)LJXUHV
)LJXUH2YHUVWHHUSUREOHPRIWKHFDULVYLVLEOHLQWKHVHWUDFHV6LJQLILFDQWVWHHULQJZKHHOUHDFWLRQ
DQGSXOOLQJRIWKHWKURWWOHLQIOXHQFHWKHVSHHGRIWKHFDU7KHILQDOWLPHLVQRWVXIILFLHQW7KLVSUREOHP
ZDVGRQHGXHWRODFNRIGULYHU?VH[SHULHQFH,WLVQHFHVVDU\WRKDQGOHWKHFDUDVVPRRWKDVSRVVLEOH
2QO\WKHVWHDG\VWDWHKDQGOLQJFRXOGGHOLYHUVWHDG\VWDWHFDUEHKDYLRXU2QFHWKHGULYHULV
H[SHULHQFHGDQGNQRZVWKHFDUHQRXJKWKHFDUVHWXSFDQEHWDLORUHGWRKLVRUKHUGHPDQGV
)LJXUHFRUQHUUDGLXVRIWKHODVWVNLGSDGFLUFOHZDVWHVWHGDVZHOO7KHUHDUHWZRGLIIHUHQW
DSSURDFKHV)LUVWLQWKHJUDSKLVWRRSHQWKHVWHHULQJZKHHODQGFKDVHWKHWKURWWOHDORW7KHRWKHU
LVWRVWD\FRQVLVWHQWWLOOWKHHQGRIWKHVNLGSDG7KHVHWZRGLIIHUHQWDSSURDFKHVZHUHXVHGIRUGLIIHUHQW
RFFDVLRQV7KHZHWSDGQHHGVWREHGULYHQDVVPRRWKDQGFRQVLVWHQWDVSRVVLEOH+RZHYHUGU\
FRQGLWLRQVHQDEOHGULYHUWRXVHWKHW\UHPHFKDQLFDOJULSPXFKPRUHDQGWKHKLJKVOLSDQJOHVKRXOGEH
GHOLYHUHG
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'$7$$&48,6,7,21
:(73$''5,9(5675$,1,1*$1'9(+,&/(),1$/6(783
2QHRIWKHODVWWHVWGD\VEHIRUH)RUPXOD6WXGHQW
*HUPDQ\ FRPSHWLWLRQ ZDV RQO\ DERXW ZHW VNLG
SDG WHVWLQJ 'ULYHUV? FRQILGHQFH ZDV UHDOO\
LPSRUWDQW2QFHDJDLQWKHUHDOUDFLQJFRQGLWLRQV
ZHUH GHOLYHUHG 7KH SURFHGXUH RI WKH VNLG SDG
ZDVGRQHRQHE\RQH$WWKHHQGRIWKHWHVWGD\V
WKHEHVWWLPHDWWLPHJDWHZDVVOLJKWO\DERYH
VHFRQGV 7KDW ZRXOG EH ILUVW SODFH DW )RUPXOD
6WXGHQW *HUPDQ\  7KLV UHVXOWV ZHUH YHU\
HQFRXUDJLQJ(YHQWXDOO\WKHVHYHQWKSODFHZDVD
OLWWOH ELW RI GLVDSSRLQWPHQW +RZHYHU )RUPXOD
6WXGHQWLVDERXWOHDUQLQJDQGH[SHULHQFH
  )LJXUH:HGSDGPDSZLWKODWHUDODFFHOHUDWLRQWUDFHXVHGDVDFRORXU7KH
DSSURDFKUHPDLQVVWLOOWKHVDPH6WRSVWDUW
SURFHGXUHIXOOIRFXVDQGFRQFHQWUDWLRQWZR
ULJKWFLUFOHVWZROHIWFLUFOHV,QWKHPDSLV
YLVLEOHWKHFRQVLVWHQF\RIWKHGULYHUDVWKH
FLUFOHVDUHVLQJOHFRORXUHG
)LJXUH0DSFRORXUHGZLWKODWHUDO
DFFHOHUDWLRQWUDFH7KHGULYHULVRQWKHHGJHRI
WKHFDU
VSHUIRUPDQFH7KHVOLJKWRYHUVWHHULV
YLVLEOHLQWKHQH[W)LJXUH7KHWLPHLVWKH
EHVWWLPHRIWKH'UDJRQZKLOHWHVWVHDVRQ
)LJXUHLQWKHEHVWODSLWLVYLVLEOHKRZFRQVLVWHQWWKHGULYHULVRQWKHWKURWWOH7KHODWHUDO
DFFHOHUDWLRQVKRZVWKHHGJHRIWKHFDUSHUIRUPDQFH'ULYHUFKDVHGWKHWKURWWOHDORWDWWKHHQGRIWKH
FLUFOHZKLFKLVQRWVXIILFLHQWDWZHWSDG
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'$7$$&48,6,7,21
 $(52'<1$0,&6
2QH RI WKH PRVW LPSRUWDQW WHVW DW WKH
EHJLQQLQJRIWHVWVHDVRQZDVDHURG\QDPLFV
FRUUHODWLRQ WHVW'XH WR ODFNRIH[SHULHQFH
ZLWK GULYLQJ WKH DHURG\QDPLF FDU WHDP
QHHGHG WR XQGHUVWDQG WKLV QHZ IHDWXUH DV
VRRQ DV SRVVLEOH 7KHUHIRUH ULJKW RQ WKH
VWDUW RI WKLV SKDVH WKH DHURG\QDPLF WHVW
ZHUH XQGHUWDNHQ 7ZR GD\V RI WHVWLQJ
EURXJKWQHZLQVLJKWVLQWRWKHDHURG\QDPLF
NQRZOHGJH RI WKH ZKROH WHDP:KLOH WKH
WHDP ZDV LQWHUHVWHG PRVWO\ LQ GRZQIRUFH
DW HDFK VSHHG OHYHO WKH WHVWV RI FRQVWDQW
VSHHGZHUHDQDO\VHG,QIXWXUHLWZRXOGEH
XVHIXO WR WHVW HYHQ WKH GUDJ RI WKH FDU GHHSO\ 7KH RQO\ WHVWZKLFKZDV GRQH WR GHOLYHU DQ
XQGHUVWDQGLQJ RI YHKLFOH GUDJ ZDV WKH PD[LPXP VSHHG WHVW ZLWK DQG ZLWKRXW ZLQJV 7KH
GLIIHUHQFHRIWKHWRSVSHHGZDVDURXQGNSK:LWKRXWZLQJVWKHFDUZDVDEOHWRUHDFK
NSK:LWKWKHZLQJVXQGHUWKHVDPHFRQGLWLRQRQWKHVDPHGD\LWZDVNSK7KLVVSHHGLV
VWLOOPRUHWKDQHQRXJKIRUDIRUPXODVWXGHQWWUDFN
7KH PDLQ WHVW RI DHURG\QDPLFV ZHUH WKH FRQVWDQW VSHHG OHYHO WHVW 7KH GRZQIRUFH ZDV
FDOFXODWHGZLWK NQRZOHGJH RI VWDWLF GDPSHU SRVLWLRQ DQG G\QDPLF GDPSHU SRVLWLRQ DW HDFK
VSHHG OHYHO 'XH WR WKH VSULQJ VWLIIQHVV LW LV SRVVLEOH WR FDOFXODWH GRZQIRUFH 'LIIHUHQFH
EHWZHHQVWDWLFDQGG\QDPLFGDPSHUSRVLWLRQSURYLGHVWKHFKDQJHRIGRZQIRUFHDFWLQJRQWKH
YHKLFOH,Q)LJXUHDUHWKHVHVSHHGWUDFHVGHVFULEHG 
)LJXUHWKHVHJUDSKVVKRZGDWDZKLFKZHUHORJJHGGXULQJWKHFRQVWDQWVSHHGOHYHOWHVW$IHZVSHHG
OHYHOVZHUHFKRVHQWRHYDOXDWHWKHVHGDWD)RUPXOD6WXGHQWDYHUDJHVSHHGWUDFNLVDURXQGNSK
7KHUHIRUHWKHWHVWVWDUWHGZLWKYHU\VORZVSHHGNSK7KHQWKHFUXFLDONSKOHYHOZDVPHDVXUHG7R
HQVXUHDVSUHFLVHUHVXOWVDVSRVVLEOHWKHNSKDQGNSKVSHHGOHYHOZDVPHDVXUHG
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7KH)LJXUHVKRZVLQIOXHQFHRIWKHZLQG2QWKHGDPSHUSRVLWLRQLVVKRZQKRZPXFKWKH
KHDG ZLQG FDQ FKDQJH WKH ILQDO UHVXOWV 7KLV LVVXH FRXOG VROYHG 3LWRW WXEH XQIRUWXQDWHO\
EXGJHWRIWKHWHDPGLGQRWHQDEOHWREX\RQH7KHVROXWLRQZDVWRPHDVXUHPRUHGDWDLQERWK
GLUHFWLRQVWRSURYLGHVRPHDYHUDJHRIWKHGDWD
7KH VHW RI GDPSHU SRVLWLRQ GDWDZHUH ILOWHUHG LQ5DFH7HFKQRORJ\$QDO\VLV Y VRIWZDUH
$IWHUZDUGVWKHGDWDZDVH[SRUWHGWRH[FHOIRUIXUWKHUFDOFXODWLRQV$VZDVPHQWLRQHGEHIRUH
ZLWKNQRZOHGJHRIVSULQJVWLIIQHVVLWZDVSRVVLEOHWRHYDOXDWHWKHGRZQIRUFHRIWKHFDUDWHDFK
VSHHGOHYHO,Q)LJXUHDQGWKHILQDOGDWDDUHVKRZQ7ZRGLIIHUHQWZLQJVVHWXSDUH
SURYLGHG 7KH ?KLJK OLIW? ? LQ WKH RWKHUZRUGV WKH KLJK GRZQIRUFH FRQILJXUDWLRQ DQG ?ORZ
GUDJ?/RZGUDJFRQILJXUDWLRQLVXVHGIRUDFFHOHUDWLRQGLVFLSOLQHDWWKHFRPSHWLWLRQ
)LJXUH+HDGZLQGDQGWDLOZLQGFOHDUO\LQIOXHQFHWKHPHDVXUHGGDWD:LWKWKHVDPHVSHHGOHYHO
UHGWUDFHWKHUHLVVLJQLILFDQWGLIIHUHQFHLQGDPSHUSRVLWLRQEOXHWUDFHUHDUOHIWGDPSHU7KLV
SUREOHPFRXOGEHVROYHGZLWK3LWRWWXEH+RZHYHULQWKLVFDVHWKHUHVXOWVZHUHDYHUDJHG7KHKXJH
DPRXQWRIGDWDGHOLYHUHGTXLWHVXIILFLHQWUHVXOWV
)LJXUHWKHKLJKOLIWFRQILJXUDWLRQRIZLQJVGHOLYHUVDURXQG1DWNSK7KHVHWRIGDWDLQ
H[FHOZHUHDYHUDJHGZLWKSRO\QRPLDOWUHQGOLQHRIVHFRQGRUGHU7KHDHURG\QDPLFIRUFHLVGHSHQGVRQ
VSHHGZLWKWKHVHFRQGRUGHU
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7KLVVHWRIGDWDHQDEOHGWRHYDOXDWHWKHDHURG\QDPLFORDGWUDQVIHU)LJXUH7KLVHIIHFW
ZDVHOLPLQDWHZLWKXVLQJVWLIIHUVSULQJVDWWKHUHDUD[OH7KHUHDUZLQJRI'UDJRQLVPXFK
PRUHHIILFLHQWWKDQWKHIURQWRQH7KLVZDVDQRWKHU LPSRUWDQWWHVWWRSURYLGHVXFKDGDWDVHW
ZKLFKHQDEOHVWRLPSURYHDHURG\QDPLFNQRZOHGJHRIWKHZKROHWHDP7KHDHURG\QDPLFORDG
WUDQVIHULQIOXHQFHGWKHFDUHYHQDWVNLGSDGWHVWVDORWDVZDVGHVFULEHGHDUOLHU
)LJXUHWKHORZGUDJFRQILJXUDWLRQLVXVHGVROHO\IRUDFFHOHUDWLRQGLVFLSOLQHDWFRPSHWLWLRQ7KH
WDUJHWLVWRGHFUHDVHGUDJDVPXFKDVSRVVLEOH
)LJXUHDHURG\QDPLFORDGWUDQVIHURI'UDJRQ$WKLJKHUVSHHGFRUQHUVWKHFDUZRXOGVXIIHU
IURPXQGHUVWHHUDORWDVWKHPDMRULW\RIGRZQIRUFHDFWVDWWKHUHDUD[OH:LWKVWLIIHUVSULQJVRQWKH
UHDUD[OHWKHFDUEHKDYLRXUKDVEHHQLPSURYHGVLJQLILFDQWO\
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 
)LJXUHYLVXDOFRQWUROLVLPSRUWDQWDVZHOO7KLVWHVWFDQQRWEHVHHQLQGDWDZKLFKDUHORJJHGLQ
GDWDORJJHUKRZHYHUWDNLQJSKRWRVDQGYLGHRVLVDQRWKHUZD\KRZWRFROOHFWYHU\XVHIXOGDWD
)LJXUH*R3URFDPHUDPRXQWHGRQUHDUZLQJHQGSODWHSURYLGHVUHDOO\LPSRUWDQWVHWRIGDWDDV
ZHOO%RXQGDU\OD\HURIWKLVZLQJLVUHDOO\JRRG&RWWRQVWULQJVZHUHVWDEOHDQGVWUDLJKWGXULQJHYHU\
VSHHGOHYHO
%512	+$7),(/'



'$7$$&48,6,7,21
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%LJ SRUWLRQ RI WHVW NLORPHWUHV WRRN DXWRFURVV DQG HQGXUDQFH 7KH UHDVRQ LV FOHDU 7KHVH
GLVFLSOLQHV DUH WKHPRVW LPSRUWDQW (VSHFLDOO\ WKH HQGXUDQFH ZLWK WKH DPRXQW RI DYDLODEOH
SRLQWV PDNHV DOPRVW KDOI RI WKH FRPSHWLWLRQ 5HOLDELOLW\ LV WKH PRVW LPSRUWDQW HOHPHQW LQ
UDFLQJ LQGXVWU\ LQ JHQHUDO ,Q WKH )RUPXOD 6WXGHQW ZRUOG LW LV WKH RQO\ ZD\ KRZ WR UHDOO\
VXFFHHG)LQLVKPHDQVZLQ0D\EHQRWLQRYHUDOOFODVVLILFDWLRQEXWGHILQLWHO\WKHHPRWLRQVLQ
WHDPDIWHUWKHZKROH\HDURIGHYHORSLQJPDQXIDFWXULQJDQGWHVWLQJLWDUHUHDOO\FUXFLDODVLW
FRXOGPRWLYDWHRUQRWIRUIXWXUHFRPSHWLWLRQV7RILQLVKPHDQVWRZLQIRUPRVWRIWKHWHDPV
)LJXUHWKHPDSLVEDVHGRQODWHUDODFFHOHUDWLRQ7KHGDWDVHWXVHGLVIURPWKHILUVWWHVWVRQDQROG
VHWRIW\UHV,WZDVLPSRUWDQWWRSXWGULYHULQWRWKHFDUDQGOHWKLPNQRZWKHQHZFDUSURSHUO\7KHWUDFN
ZKLFKLVLQWKLV)LJXUHLV78%UQR5DFLQJWHVWWUDFNDW%UQR([KLELWLRQ&HQWUHSUHSDUHGDFFRUGLQJWR
)6$(UXOHV0RUHDERXWWKHWUDFNGDWDLVZULWWHQDWWKHEHJLQQLQJRIFKDSWHU
)LJXUHRQHRIWKHYHU\ILUVWODSVRQWKHWUDFNZLWKWKHQHZFDU7KHGULYHU
VKHVLWDWLRQLVFOHDUO\
YLVLEOHLQWKLVVHWRIGDWD7KURWWOHSRVLWLRQWUDFHVKRZVWKDWWKHGULYHUGRHVQRWNQRZWKHFDUDQGWKH
W\UHV)RUPXOD6WXGHQWLVDOHDUQLQJSURFHVV/DWHUJUDSKVRIWKLVFKDSWHUSURYLGHVWKHELJ
LPSURYHPHQWRIGULYLQJVW\OH7UDFWLRQFLUFOHSURYLGHGVKRZVWKHKHVLWDWLRQDVZHOO
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7KHILUVWWHVWVRIDXWRFURVVDQGHQGXUDQFHDUHDOZD\VDERXWWKHGULYHUDQGUHOLDELOLW\,Q)LJXUH
 LV VKRZQ KRZ WKH GULYHU XVHG WKH FDU &KHFN DOO WKH V\VWHPV DQG VORZO\ JUDGXDWH LQ
VSHHG7KLV LV WKHSRLQWZKHUH WKHGULYHUDQGGDWD UDFHHQJLQHHUFDQVWDUW WR OHDUQD ORWRI
LQIRUPDWLRQIURPWKHGDWD
,QIRUPDWLRQDERXWWKHFDU?FRQWUROOLQJWKHYLWDOVLJQVRIWKHDOOSDFNDJHDQGYHKLFOH	GULYHU
DQDO\VLVIXUWKHUPRUH,QWKH)LJXUHWKHGDPSHUSRVLWLRQVHQVRUVDUHVKRZQ8SSHUKDOIRI
WUDFHVDUHGLVWDQFHGHSHQGHGORZHUKDOILVODWHUDODFFHOHUDWLRQGHSHQGHG7KHORDGWUDQVIHULV
RQH RI WKH EDVLF HOHPHQWV LQ UDFH FDU DQDO\VLV ,Q WKLV FDVH WKH UDQJH RI GDPSHU WUDYHOZDV
FKHFNHG%DVLFDOO\ WKH LQWHQWZDV WR DOORZ WKHGDPSHU WR WUDYHO LQ WKHZKROH UDQJHZLWKRXW
JRLQJWRIXOOEXPSRUIXOOUHERXQG 
)LJXUHFRQWUROOLQJWKHGDPSHUSRVLWLRQVHQVRUV'DPSHUSRVLWLRQYLVXDOLVHGLQORZHUKDOIRIWKH
JUDSKLVODWHUDODFFHOHUDWLRQGHSHQGHG7KHORDGWUDQVIHULQFRUQHUVFDQEHWKHUHIRUHDQDO\VHG,QWKLV
SDUWRIWKHWHVWVHDVRQLWZDVRQHRIWKHEDVLFIRFXVRIHQDEOLQJGDPSHUVWRWUDYHOLQWKHLUDOOUDQJH
)LJXUHLQYHUVH
FRUQHUUDGLXVLVRQHRI
WKHLPSRUWDQWPDWK
FKDQQHOVXVHGLQGDWD
DQDO\VLV7KLVHQDEOHVWR
YLVXDOL]HUDFLQJOLQH
GULYHUXVHGLQDFRUQHU
,QWKLVFDVHWKHGRXEOH
DSH[FRUQHULVVKRZQ
(YHU\DSH[LVKLJKOLJKWHG
ZLWKDOLQHEOXHDQG
UHG$FFRUGLQJWRW\UH
WKHRU\WKHLQYHUVHFRUQHU
UDGLXVVKRXOGEHVPRRWK
OLQHDVWKHGULYHULVXVLQJ
W\UHLQSUHGLFWDEOHZD\
%512	+$7),(/'



'$7$$&48,6,7,21
,19(56(&251(55$',86
,Q)LJXUHWKHLQYHUVHFRUQHUUDGLXVPDWKFKDQQHOLVSUHVHQWHG2QHRIWKHEDVLFFKDQQHO
KRZ WR YLVXDOL]H UDFLQJ OLQH RU VLPSO\ WKH FXUYDWXUH RI WDNHQ SDWK 7KLV PDWK FKDQQHO
HQDEOHVWRXQGHUVWDQGGULYLQJVW\OHDQGLWLVSRVVLEOHWRH[SODLQGULYHUZKDWWRLPSURYH:LWK
WKLVIXQFWLRQWKHFRUQHUDQDO\VLVFDQEHXQGHUWDNHQZLWKHDVLHULPDJLQDWLRQ,QWKH)LJXUH
LVVKRZQW\SLFDOGRXEOHDSH[FRUQHU6RPHWLPHVLW LVQHFHVVDU\WR FRPSURPLVHVSHHG LQ WKH
ILUVWDSH[WREHDEOHWRFKDVHWKHWKURWWOHSHGDOLQWKHVHFRQGRQH
'XULQJWKLVSDUWRIWHVWVHDVRQWKHFDUVWUXJJOHGZLWKUHDULQVLGHZKHHOOLIWLQJ7KHUHIRUHWKH
GLIIHUHQW PRXQWLQJ SRLQWV RI ZLVKERQHV ZHUH WHVWHG IRU WKH ILUVW WLPH LQ 78 %UQR 5DFLQJ
KLVWRU\7KHLPSURYHPHQWFDPHZLWKORZHULQJUROOFHQWUHRIWKHUHDUD[OH7KLVLVRQHRIWKH
UHDVRQZKLFKOHDGWRQHZNLQHPDWLFVGHVLJQIRU'UDJRQPRQRSRVW
)LJXUH'UDJRQ?FRQFHSW
KDG SRVVLELOLW\ RI GLIIHUHQW
PRXQWLQJ SRLQWV RI ZLVKERQHV
7KDWHQDEOHVWRFKDQJHNLQHPDWLF
FKDUDFWHULVWLF DFFRUGLQJ
GHOLEHUDWHEHKDYLRXURIWKHFDU,Q
WKLV JUDSK WKH UHDU ULJKW
VXVSHQVLRQ ZDV DQ LVVXH GXH WR
WUDFN FKDUDFWHULVWLF WKLV
SDUWLFXODU ZKHHO VWUXJJOHG ZLWK
OLIWLQJLQRWKHUZRUGVWKHGDPSHU
SRVLWLRQ VHQVRU LQGLFDWHV IXOO
UHERXQG SRVLWLRQ ? UHG FRORXU
$IWHU WKH FKDQJH RI VHWXS
ORZHULQJ WKH UROO FHQWUH RI WKH
FDUWKLVLVVXHZDVLPSURYHG
)LJXUHLQYHUVHFRUQHUUDGLXVEOXHWUDFHDQGODWHUDODFFHOHUDWLRQUHGWUDFH,QWKHZKROHODS
GLVWDQFHLWLVSRVVLEOHWRXVHWKHVHWRWUDFHVWRJHWKHUWRDQDO\VHGULYHUDQGFDUEHKDYLRXU7KH
KLJKOLJKWHGSDUWRIJUDSKVKRZVKXJHSHDNRILQYHUVHFRUQHUUDGLXV'ULYHUWRRNWKDWFRUQHUUHDOO\
VKDUS,WLVDSODFHWREHFRQFHUQHGZLWK$VZDVPHQWLRQHGEHIRUH?LWLVFUXFLDOWREHVPRRWKWR
GHOLYHUKLJKHVWSRVVLEOHJULSRIWKHW\UHVDQGKHQFHWKHEHVWWLPH,QQH[WSDUWRIWKLVFKDSWHUWKH
XQGHUVWHHUDQGRYHUVWHHUFKDUDFWHULVWLFVDUHH[SODLQHGZLWKWKHODWHUDODFFHOHUDWLRQ
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$VZDV PHQWLRQHG EHIRUH:KHHO OLIWLQJ ZDV RQH RI WKH 'UDJRQ  LVVXHV 7KH GLIIHUHQWLDO
VWUXJJOHGDORWZLWKWKLVSUREOHPGXULQJVHDVRQ:LWKGLIIHUHQWFDUVHWWLQJ?IURQWDQWL?UROO
EDUDQGNLQHPDWLFVSRLQWVRIWKHFDUWKHWHDPZHUHDEOHWRLPSURYHWKLVEHKDYLRXU+RZHYHU
WKHMDFNLQJIRUFHDW)RUPXOD6WXGHQW+XQJDU\PRWLYDWHGWKHWHDPWRFKDQJHWKHNLQHPDWLFVRI
WKHFDUUDSLGO\IRUWKHILUVWWLPHLQWHDPKLVWRU\ 
)LJXUHYLVXDOLVDWLRQRIWKHPRVWSUREOHPDWLFFRUQHUVZKHUHWKHFDUVWUXJJOHGZLWKUHDULQQHU
ZKHHOOLIW2QHRIWKHFRUQHUVLVVNLGSDGWXUQLQJFLUFOH'DWDSRLQWVRQWKHULJKWVLGHVKRZWKHWZR
GLIIHUHQW]RRPVWHSVRIGDPSHUSRVLWLRQ,WLVYLVLEOHWKDWWKHGDPSHULVRQLWVUHERXQGVWRS7KDW
PHDQVWKDWSDUWLFXODUZKHHOLVOLIWLQJLQWKHDLU7KLVLVXQLQWHQGHG
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$QRWKHUJUDSKZKLFKLVYHU\XVHIXOLQGDWDDQDO\VLQJLVWUDFWLRQFLUFOH,WLVVKRZQLQ)LJXUH
7KLVJUDSKHQDEOHVWRHYDOXDWHKRZZHOOWKHFDULVGULYHQ,Q&KDSWHU7\UHWKHRU\
ZDVH[SODLQHGWKHPD[LPXPIRUFHVZKLFKWKHW\UHLVFDSDEOHWRWUDQVIRUPRQWKHURDGVXUIDFH
%DVHGRQWKHGDWDLWLVSRVVLEOHWRGHWHUPLQHZKHUHWKHWUDFWLRQOLPLWVVKRXOGEH,GHDOO\WKH
GULYHUXVHVWKHW\UHRQO\RQLWVHGJH7KDWZRXOGPHDQWKHWUDFWLRQFLUFOHLVRQO\ULQJQRWWKH
ZKROHFLUFOH,QUHDOWKHWUDFWLRQFLUFOHVDUHLQIOXHQFHGE\PDQ\IDFWRUV)RULQVWDQFHZHDWKHU
FRQGLWLRQVGULYHUVNLOOVW\UHVFRQGLWLRQDQGWHPSHUDWXUHV 
)LJXUHWUDFWLRQFLUFOHDWWKH
EHJLQQLQJRIWKHWHVWVHDVRQ,WLV
YLVLEOHWKDWGULYHUGRHVQRWXVLQJ
WKH FDU DW WKH HGJH ,W LV GXH WR
GULYHULQH[SHULHQFHZLWKWKHFDU
3HDNV RI ODWHUDO DFFHOHUDWLRQ
VKRZ ZKHUH WKH SRWHQWLDO LV ,Q
KLJK VSHHG FRUQHUV WKLV FDU KDV
QRSUREOHPWRDFKLHYHPRUHWKDQ
*/DWHURQRIWKHVHDVRQ
WKHPD[LPXPUHDFKHG*
)LJXUH   WR VKRZ WKH SRVVLEOH
GLIIHUHQFH LQ WUDFWLRQ FLUFOHV WKH
GDWDVHWIURPODWHSDUWRIWHVWVHDVRQ
LV VKRZQ LQ WKLV ILJXUH &RUQHULQJ
DELOLW\ RI WKH FDU UHPDLQV YHU\
VLPLODU7KHELJJHVW LPSURYHPHQW LV
LQ W\UH XVLQJ 7KH EUDNLQJ ]RQH
UHDFKHV LWV PD[LPXP DW  * DQG
HYHQWKHDFFHOHUDWLRQLVKDUGHUWKDQ
LQWKH*FLUFOHLQILJXUH
6WLOO WKH VSDFH IRU LPSURYHPHQW LV
YLVLEOH 7UDQVLWLRQ IURP KDUG
EUDNLQJ WR FRUQHULQJ HVSHFLDOO\ ,Q
OHIWKDQGDQGLQULJKWKDQGFRUQHUV
'DWD VHW VKRXOG IROORZ WKH ?LGHDO?
FXUYHZKLFKLVGUDZQLQWKHJUDSK
$VZDVPHQWLRQHG LQ)LJXUH  ?
SRWHQWLDO RI PD[LPXP ODWHUDO
DFFHOHUDWLRQ LV LQ KLJK VSHHG
FRUQHUV ?KLJKOLJKWHG OHIW KDQG
FRUQHU
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,Q GDWD DQDO\VLQJ LW LV LPSRUWDQW WR UHDG GDWD ZLWK XQGHUVWDQGLQJ RI WKH ZKROH FDU DQG LQ
UHVSHFWRIWUDFNFRQGLWLRQV,QWKHWUDFWLRQFLUFOHVWKHPD[LPXPODWHUDODFFHOHUDWLRQVKRZVWKH
DELOLW\ RI WKH FDU WR UHDFK  * 7KDQNV WR WKH DHURG\QDPLFV LW LV SRVVLEOH %XW WKH
DHURG\QDPLFIRUFHVDUHGHSHQGRQWKHYHKLFOHVSHHG7KHUHIRUHLQWKHKLJKVSHHGFRUQHUVWKH
HIIHFW RI GRZQIRUFH LV PXFK KLJKHU 1RW RQO\ LV WKHPHFKDQLFDO JULS DFWLQJ LQ WKH FRQWDFW
SDWFKRIW\UHV7KHGRZQIRUFHLVWKHUHDVRQLQVXFKDQLPSURYHPHQW
:LWK WKLVNQRZOHGJH UDFHDQGGDWDHQJLQHHUV FDQKHOSGULYHU ILQG WKHSRVVLEOHSHUIRUPDQFH
HGJHRI WKHFDU LQSDUWLFXODUFRUQHU7KLVFDQEHYHU\FRPSOH[GLVFLSOLQHDVHYHU\FRUQHURI
HDFK SDUWLFXODU WUDFN KDV GLIIHUHQW SURSHUWLHV 'LIIHUHQW FRUQHU UDGLXV VXUIDFH URXJKQHVV
EDQNLQJEXPSVHWF
:KLOHGLVFXVVLQJWKHWUDFWLRQFLUFOHWKHLPSRUWDQFHRIW\UHNQRZOHGJHVKRXOGEHVWUHVVHGRQFH
DJDLQ 7KH GULYHU FDQ EH RQ WKH HGJH RI WKH FDU SHUIRUPDQFH $W WKH VDPH SRLQW WKH FDU
SHUIRUPDQFH FDQ EH VWLOO LPSURYHG IXUWKHUPRUH$FKLHYLQJ WKH EHVW SRVLWLRQ RI W\UH FRQWDFW
SDWFK LQ HYHU\ FRUQHU FDQ LPSURYH WKH ODS WLPH 7KLV LV SUHGHVWLQHG ZLWK WKH TXDOLW\ RI
VXVSHQVLRQNLQHPDWLFVEXWFDQVWLOOEHLPSURYHGZLWKFDPEHUVHWWLQJV7KHJUHDWZD\KRZWR
ILQGJUHDWVHWXSLVWRORJW\UHWHPSHUDWXUHV8QIRUWXQDWHO\78%UQR5DFLQJ'UDJRQFDUGLG
QRWKDYHWKLVIHDWXUH%XWDFFRUGLQJWR-RUJH6HJHUVVHPLQDUDQGKLVERRN6HJHUVWKLV
FDQOHDGWRILQGWKHLGHDOFDPEHUYDOXHIRUHDFKFRUQHUDQGKHQFHWRVHWXSWKHFDULQWKHEHVW
ZD\:LWK W\UH WHPSHUDWXUHV WKH SRVVLELOLW\ RI XQGHUVWDQGLQJ WKH FDU FDQ JR UHDOO\ IXUWKHU
:LWK FRPELQDWLRQ RI W\UH SUHVVXUH VHQVRU WKLV FRXOG EH ZLQQLQJ FRPELQDWLRQ RI DQ\
HQGXUDQFH UDFH (YHQ DXWKRU UHDOL]HV WKH FRPSOH[LW\ RI WKH VSRUW )XHO FRQVXPSWLRQ
PHFKDQLFDOLVVXHVRUGULYHUILWQHVVOHYHODUHMXVWDQRWKHUHOHPHQWVRIWKHVXFFHVV7KHVHLGHDV
DUHEH\RQGWKHUDQJHRIWKLVGLSORPDWKHVLVDVWKHVHVHQVRUVZHUHQRWPRXQWHGRQ'UDJRQ
PRQRSRVWGXHWREXGJHWOLPLWDWLRQ 
)LJXUHOHIWKDQGFRUQHU
DW78%UQR5DFLQJWHVWWUDFN
DW%UQR([KLELWLRQFHQWUH
VKRZVWKHKLJKHVWODWHUDO
DFFHOHUDWLRQYDOXHV
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6WUDLJKW DFFHOHUDWLRQ $QRWKHU NH\ RI VXFFHVV:KLOH WKH FDU LV JUHDW LQ FRUQHUV LW HQDEOHV
GULYHU WR FKDVH WKH WKURWWOH SHGDOPXFK HDUOLHU:LWK'UDJRQ 78%UQR5DFLQJZDQWHG WR
VROYH WKH KLVWRULFDO LVVXH ZLWK VKLIWLQJ (OHFWURPDJQHWLF V\VWHP ZDV FKDQJHG WR
SQHXPDWLFDOO\FRQWUROOHGRQH
2QFHWKHQHZV\VWHPZDVVHWXSSURSHUO\WKHUHZHUHLVVXHVDWWKHEHJLQQLQJZKLFKDUHVKRZQ
LQGDWDLQ)LJXUHWKHEHVWVKLIWLQJSRLQWVFDQEHHYDOXDWHG,Q)LJXUHQRWRQO\WKH
VKLIWLQJ SUREOHP LV VKRZQ $QRWKHU WKLQJ ZKLFK ZDV FRQWUROOHG ZDV VKLIWLQJ WLPH 7KLV
LQIRUPDWLRQLV LPSRUWDQWIRUHQJLQHHQJLQHHUVZKLOHWKH\DUHWU\LQJWRVHW WKHVKLIWLQJLQ WKH
EHVW SRVVLEOHZD\ ,Q(&8 WKLV LQIRUPDWLRQ LV DOVRSURYLGHGDV WKLV FDQEH FRQWUROOHG HYHQ
ZLWK530VHQVRU RU VKLIW UHTXHVW VHQVRU IRU H[DPSOH7KH FRUUHODWLRQ RI YDULRXV VRXUFH RI
GDWD LV XVHIXO )RU H[DPSOH LI WKHUH LV D SUREOHP RQH VRXUFH FDQ SURYLGH LQIRUPDWLRQ WKDW
HYHU\WKLQJVHHPVDOULJKW7KHRWKHUVRXUFHRIGLIIHUHQWLQIRUPDWLRQFDQUHYHDOWKHUHDOLVVXH
2QFHWKHLVVXHLVIRXQGLWLVWLPHWRILQGWKHULJKWVROXWLRQ
7KHH[SHULHQFHZLWKWKLVHQJLQHJHDUER[HQDEOHG78%UQR5DFLQJWRGHYHORSEHVSRNHJHDUV
IRUQH[WJHQHUDWLRQRIFDU'UDJRQ7KLVVWHSFDQLPSURYHWKHFDUSHUIRUPDQFHRQFHDJDLQ
DV WKH JHDU IRUNV DUH GLIIHUHQW DQG WKH JHDUV KDYH EHHQ UHGXFHG WR QXPEHU RI IRXU ,W LV
EHOLHYHGWKDWWKLVVDYHDQRWKHUODSWLPHDVDGULYHUZLOOKDYHOHVVZRUNWRGR
)LJXUHODWHUDODFFHOHUDWLRQLVVKRZQRQWLPH[D[LV'LSVEHWZHHQWKHSHDNVRIORFDOPD[LPXP
DQGORFDOPLQLPXPGHWHUPLQHVWKHVKLIWLQJWLPH,QWKHFDVHRIVXFFHVVIXOVKLIWWKHWLPHLVDURXQG
PVEDVHGRQGDWD7KHKXJHKROHLVYLVLEOHDIWHUWKHDWWHPSWWRFKDQJHWKHUGWRWKJHDU7KLVSUREOHP
ZDVVROYHGODWHULQWKHWHVWVHDVRQ
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78%UQR5DFLQJ WHVW WUDFN KDV RQO\ RQH ORQJ VWUDLJKW7KLV LV EDVHG RQ )6$( UXOHV 6$(
 DQGRQ VSDFH OLPLWDWLRQ7KHUHIRUH WKH RQO\ SODFHZKHUH WKH VKLIWLQJ DQDO\VLV FDQ EH
YLVLEO\ VKRZQ LV WKDW SDUWLFXODU VWUDLJKW 6KLIWLQJ SRLQWV DUH YHU\ LPSRUWDQW LQ FDUV DQG LQ
UDFLQJFDUVHVSHFLDOO\3DVVHQJHUV?FDUVKDYHDLPWRUHGXFHIXHOFRQVXPSWLRQ5DFLQJFDUVWU\
WRILQGWKHKLJKHVWSHUIRUPDQFH$OWKRXJKLQPRGHUQZD\RIUDFLQJWKHIXHOFRQVXPSWLRQLV
PRUHDQGPRUHLPSRUWDQW
7KHVKLIWLQJSRLQWVKDYHEHHQGHILQHGRQHQJLQHG\QRWHVWV+RZHYHU LQ WKHUHDOFRQGLWLRQV
WKHZKROHFDUEHKDYHVGLIIHUHQWO\DV WKHHQJLQHLVQRWRQO\DW IXOO ORDGFRQGLWLRQV(YHQWKH
GULYHUGRHVQRWQHHG WR EHSUHFLVH VLQFH WKHYHU\ EHJLQQLQJ7KDW LV WKH UHDVRQ WRKHOS WKLV
VLWXDWLRQZLWKGDWDDQDO\VLQJ
6KLIWLQJ SRLQWV ZHUH DQDO\VHG ZLWK ORQJLWXGLQDO DFFHOHUDWLRQ VHQVRU ,Q )LJXUH  WKLV
WHFKQLTXH LV VKRZQ DW WKH RQO\ VWUDLJKW RI 78 %UQR 5DFLQJ WHVW WUDFN %DVHG RQ WKHRU\ ?
HYHU\WKLQJVKRXOGEHVPRRWKWRGHOLYHUKLJKHVWSHUIRUPDQFH7KHVORSHRIWKHZKROHVWUDLJKW
LQORQJLWXGLQDODFFHOHUDWLRQVKRXOGEHFRQVWDQW7KDWHQVXUHVWKHPD[LPXPSRVVLEOHWUDFWLRQ
IRUFHZHUHXVHGIRUDFFHOHUDWLRQ
,IWKHWUHQGRIVXFKDFXUYHLVQRWFRQVWDQW?WKHUHLVDQ\VWHSLQWKLVWUDFHGDWDHQJLQHHUVKRXOG
DVNGULYHUZK\KHLVVKLIWLQJLQWKLVZD\,QGLVFXVVLRQZLWKHQJLQHHQJLQHHUVWKLVSUREOHPFDQ
EHVROYHG,QWKHFDVHVKRZQLQ)LJXUHWKHUHDVRQZDVWKDWGULYHUGLGQRWFRQFHQWUDWHRQ
WKH VKLIW OLJKW GLRGH 7KHUHIRUH KH FKDQJHG WKH JHDUV HDUOLHU WKDW KH KDG WR 7KLV OHDG WR
LQDSSURSULDWHXVLQJRIHQJLQHSRZHUKHQFHWRORRVHODSWLPH
)LJXUHZLWKGLIIHUHQWVKLIWLQJVROXWLRQRI'UDJRQWKHVKLIWLQJKDVLPSURYHG7KHUHIRUHWKHWHDP
FRXOGDQDO\VHHYHQVXFKGULYHUEHKDYLRXU,QWKLVJUDSKWKHHDUO\XSVKLIWVDUHVKRZQ
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2QHRIWKHYHU\IHZLQSXWVGULYHUFDQXVHLQWKHFDULVWKURWWOHSHGDO7KHDPRXQWRISRZHUKH
DVNVWKHHQJLQHWRWUDQVIRUPRQUHDUZKHHOV2QFHWKHHQJLQHZDVGHYHORSHGRQWKHG\QRDQG
LWZDVGHYHORSHGWREHXVHGDWPD[LPXPSRZHUHQJLQHHQJLQHHUVZDQWGULYHUWRXVHLWLQWKH
ULJKWSHUIRUPDQFHUDQJH
(QJLQH HQJLQHHUV GR QRW OLNH WR VHH KHVLWDWLRQ LQ WKURWWOH SHGDO SRVLWLRQ 7KHUH DUH D IHZ
W\SLFDOEDGKDELWVRIGULYHUV LQJHQHUDO+HVLWDWLRQ LQFRUQHUSKDVHQRWXVLQJIXOO WKURWWOHDW
VWUDLJKWVVORZFKDVLQJRIWKURWWOHSHGDODW WKHVWUDLJKWEHJLQQLQJDQGHDUO\ OLIWLQJRIIEHIRUH
FRUQHUV$OOWKHVHYLFHVDUHVKRZQLQ)LJXUH

)LJXUHGULYHU
VKDELWVZLWKXVLQJRIWKURWWOHSHGDO%ODFNFLUFOHVVKRZKHVLWDWLRQLQFRUQHUSKDVH
7KHILQDOSDUWRIWKHFLUFXLWLVHYHQZRUVH7KHFDUVWUXJJOHGWKHUHZLWKXQGHUVWHHULQJWKHUHIRUHGULYHU
KDGWRXVHWKHWKURWWOHYHU\FDXWLRXVO\7KHWKLUGVWUDLJKWVKRZVWKHLQDSSURSULDWHXVLQJRIWKURWWOHQRW
IXOO ORDG2Q WKH RWKHU KDQG WKH VPDOO EOXH FLUFOH VKRZV JRRG OLIW RII DW WKH HQGRI WKDW SDUWLFXODU
VWUDLJKW/LQHVDW WKHERWWRPRI WKHJUDSK VKRZSODFHVZKHUHGULYHUEOLSV WRKHOS WKHJHDUER[ZLWK
GRZQVKLIWLQJ
)LJXUHODWHUDODFFHOHUDWLRQDQGWKURWWOHSHGDOSRVLWLRQWUDFHFDQHYDOXDWHXQGHURURYHUVWHHULQJ
LVVXHVRIWKHFDU
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$OSKDDQGRPHJD7KDWLVFDUEDODQFHLQ0RWRUVSRUW,IWKHFDUXQGHUVWHHUVPDMRULW\RIGULYHUV
GRQRWOLNHLW,IWKHFDURYHUVWHHUVPDMRULW\RIGULYHUVVWUXJJOHWRJHWWRWKHWRSRIWKHODSWLPH
ERDUG(DFKGULYHULQWKHZRUOGKDVGLIIHUHQWVW\OHRIGULYLQJ7KHUHIRUHWZRGLIIHUHQWGULYHUV
LQWKHH[DFWO\VDPHFDUFDQH[SHULHQFHYDULRXVDPRXQWRIXQGHUVWHHURURYHUVWHHUEHKDYLRXU
7KHUHDUHPDQ\SRVVLELOLWLHVKRZWRHYDOXDWH WKLVSKHQRPHQDZLWK ORJJHGGDWD ,Q WKH
VHDVRQ78%UQR5DFLQJ WHDP VWDUWHGZLWK YHU\ EDVLFV /DWHUDO DFFHOHUDWLRQ VWHHULQJZKHHO
SRVLWLRQ DQG WKURWWOH SHGDO SRVLWLRQ FDQ UHDOO\ KHOS WR XQGHUVWDQG KRZ WR GHWHUPLQH FDU
EDODQFH %HVLGHV WKLV EDVLF FKDQQHOV WKH \DZ VHQVRU DQG W\UH WHPSHUDWXUH VHQVRUV DUH ELJ
DGYDQWDJHLQUHVSHFWRIDQDO\VLQJWKHFDUFRUQHULQJEHKDYLRXU
7KHVHGDWDFDQEHXVHVXEVHTXHQWO\ LQPDWKFKDQQHOV7KHUHIRUH WKHXQGHUVWHHURURYHUVWHHU
FKDQQHOFDQEHSUHSDUHGWRVKRZWKHFDUEHKDYLRXULQDQLFHJUDSK7KLVFDQEHFRPSDUHGZLWK
DQRWKHU GULYHU ODWHU 7KLV LV YHU\ XVHIXO LQ D IHZ GLIIHUHQWZD\V ,PPHGLDWHO\ SHUIRUPDQFH
FKDVHRU LQ ORQJWHUP WUDFNLQJ)RUH[DPSOH WKHQXPEHURIDYHUDJHXQGHUVWHHUSHUHDFK ODS
FDQ UHYHDO D WUHQG RI VRPH EHKDYLRXU ,W FRXOG EH LQIOXHQFHG E\ GULYHU VWDPLQD W\UHZHDU
EUDNHVEDODQFHEDUFKDQJHVRUDQ\RWKHUGLIIHUHQFHLQVHWXS
,Q)LJXUHWKHGDWDRIRQHIDVWODSDW78%UQR5DFLQJWHVWWUDFNDUHSUHVHQWHG$WWKLVSDUW
RIVHDVRQIRFXVZDVRQODWHUDODFFHOHUDWLRQDQGWKURWWOHSHGDOSRVLWLRQ,QGDWDDIHZPRPHQWV
DUHKLJKOLJKWHG,QODWHUDODFFHOHUDWLRQWUDFHXQGHUVWHHUFDQEHVHHQDVIODWSDUWLQWKHFRUQHULQJ
SKDVH2QWKHRWKHUVLGHRIFDUEDODQFHRYHUVWHHUEHKDYLRXULVVKRZQDVVPDOOGLSV
)LJXUHODWHUDODFFHOHUDWLRQDQGWKURWWOHSHGDOSRVLWLRQ7KLVLVRQHRIDIHZRWKHUZD\VKRZWR
HYDOXDWHFDUEHKDYLRXU)ODWSDUWRIWKHODWHUDODFFHOHUDWLRQWUDFHLQFRUQHULQJSKDVHDUHXQGHUVWHHU
EHKDYLRXUKLJKOLJKWHGZLWKUHGFLUFOHVDQGRYHUVWHHULVKLJKOLJKWHGZLWKEOXHFRORXU'RXEOHDSH[
FRUQHUEHIRUHORQJVWUDLJKWZDVGLVFXVVHGSUHYLRXVO\LQWKLV&KDSWHU
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$W WKH HQG RI WKH GD\ WKH RQO\ WKLQJ ZKLFK LV WUXO\ LPSRUWDQW LV DFKLHYHG ODS WLPH 'DWD
DQDO\VLVVRIWZDUHSDFNDJHVHQDEOHHQJLQHHUVWRVKRZWKLVGDWD,QRYHUDOOLWLVYHU\VLPLODULQ
HDFK VRIWZDUH 7KH WUDFN KDV WR EH VHSDUDWHG LQ D IHZ VHFWRUV ,W LV GRQH DXWRPDWLFDOO\ RU
PDQXDOO\(YHU\VRIWZDUHVROYHVWKLVSUREOHPLQLWVRZQZD\
7KDQNV WR WDEOH VXFK DV VKRZQ LQ )LJXUH  WHDP FDQ VHH WKH FRQVLVWHQF\ RI WKH GULYHU
LPSURYHPHQW RU QRW DIWHU VHWXS FKDQJH IXHO FRQVXPSWLRQ OHVV IXHO   OHVVZHLJKW   ORZHU
WLPHW\UHZHDUZRUVHWLPHFKDQJHRIZHDWKHUFRQGLWLRQHWF
$QDWWHQWLRQVKRXOGEHLQXQGHUVWDQGLQJRIEHVWODSLQWHUSUHWDWLRQ(YHU\VRIWZDUHFDQSURYLGH
\RXZLWKEHVWWKHRUHWLFDOODSDQGZLWKEHVWFRQWLQXRXVODS7KHGLIIHUHQFHFDQEHFRQIXVLQJ
:KLOHWKHWKHRUHWLFDOEHVWODSLVSXWWRJHWKHUDVEHVWVHFWRUWLPHVWKHEHVWFRQWLQXRXVODSRU
UROOLQJODSLQRWKHUVRIWZDUHLVWKHEHVWWLPHIURPSRLQWWRSRLQW7KHUHIRUHEHVWFRQWLQXRXV
ODSFDQVWDUWDWWKHHQGRIVHFWRU
 
)LJXUHSHUIRUPDQFHFDQEHIRXQGE\PDQ\GLIIHUHQWZD\V+RZWRYLVXDOLVHGDWDLVHYHU\RQH?V
SUHIHUHQFH,QWKLVJUDSKWKHEHVWODSDW78%UQR5DFLQJFLUFXLWLVVKRZQ,QFRPSDULVRQZLWKYHU\
ILUVWODSVVKRZQLQWKLVFKDSWHUWKHGULYHULPSURYHPHQWLVFOHDUO\YLVLEOH7KURWWOHSHGDOSRVLWLRQLV
EHWWHU7KURWWOHFKDVLQJLQWKHFRUQHUH[LWVIXOOWKURWWOHWLPHOLIWRIIVDQGEOLSVDUHXVLQJWKHFDUEHWWHU
$OWKRXJKWKHUHLVVWLOOORWRIVSDFHWRLPSURYH
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
)LJXUHH[DPSOHRIODSWLPHERDUG78%UQR5DFLQJWHVWWUDFNZDVVHSDUDWHGLQWRVHFWRUV
'LIIHUHQFHLQ7KHRUHWLFDODQGFRQWLQXRXVODSWLPHVFDQEHFRQIXVLQJDWWKHEHJLQQLQJ%XWLWLV
LPSRUWDQWWRXQGHUVWDQGWKDWWKHFRQWLQXRXVODSWLPHFDQEHLQIOXHQFHVZLWKODWHEUDNLQJLQRQHVHFWRU
?DFKLHYLQJEHVWWLPHLQWKHVHFWRUKRZHYHULQVXEVHTXHQWVHFWRULVWKHWLPHPXFKZRUVH7KHUHIRUH
WKLVFRQWLQXRXVODSWLPHFRXOGEHMXVWPRWLYDWLRQEXWSUREDEO\QRWWKHUHDOWDUJHW
 
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/DVWG\QDPLFHYHQWZKLFKKDYHQRWEHHQGLVFXVVHGVRIDULVDFFHOHUDWLRQ7KLVGLVFLSOLQHZDV
WUDLQHG DW WKH ORFDO DLUSRUW VDPH DV WKH DHURG\QDPLF WHVWV 9HU\ VDPH WHFKQLTXH DV ZDV
GHVFULEHGLQSUHYLRXVSDUWRI&KDSWHUZHUHXVHGWRDQDO\VHJHDUVKLIWLQJ$QRWKHUIHDWXUHRI
'UDJRQ  LV ODXQFK FRQWURO 7KHUHIRUH WZR GD\V RI WKH WHVW VHDVRQ ZDV GHGLFDWHG RQO\ WR
DFFHOHUDWLRQWUDLQLQJ
,Q WKH )LJXUH  WKH PDS VKRZV KRZ WKH DFFHOHUDWLRQ WHVW ZDV XQGHUWDNHQ 7KH PDS LV
FRORXUHGZLWKORQJLWXGLQDODFFHOHUDWLRQ7KHVWDUWSRVLWLRQFDQEHVHHQDV UHGFRORXUHQGRI
DFFHOHUDWLRQLVEOXHFRORXUWUDFHDVWKHGULYHUZDVEUDNLQJLQWRDVODORP,WLVLPSRUWDQWWRNHHS
GULYHUIRFXVWRGULYLQJ7KDWZDVUHDVRQWRSUHSDUHDWOHDVWIHZFRUQHUVWRDFKLHYHWKLV7KLV
SURFHGXUHOHDGWRJRRGUHVXOWVDVWKHGULYHUZDVHQMR\LQJWKHZKROHGD\RIDFFHOHUDWLQJ

)LJXUHDFFHOHUDWLRQWUDLQLQJPDS7KHSURFHGXUHZDVSUHSDUHGWRWUDLQDFFHOHUDWLRQDQG
VODORPVNLOOV$WWKHEHJLQQLQJRIHYHU\ODSWKHGULYHUKDWWRVWRSFDOPGRZQIRFXVIRUWKHEHVW
SRVVLEOHVWDUW
)LJXUH]RRPHGLQYLHZRIDFFHOHUDWLRQWHVW7KHDFFXUDF\RI
*36PRGXOHLVVXIILFLHQW
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
)LJXUHUHDUGDPSHUSRVLWLRQVHQVRUVZKLOHDFFHOHUDWLRQ2QHRIWKH
LGHDVZDVWRWHVWGLIIHUHQWNLQHPDWLFVHWXSFKDQJLQJWKHDQWLVTXDW
FKDUDFWHULVWLF8QIRUWXQDWHO\VRPHWLPHVWKHSODQVGRQRWZRUNDVLWZDV
SODQQHG7KLVWHVWZDVLQWHUUXSWHGZLWKHQJLQHLVVXH
)LJXUH/RQJLWXGLQDODFFHOHUDWLRQYVGLVWDQFHZKLOHDFFHOHUDWLRQ7KHFDULVDFFHOHUDWLQJDWWKH
ZKROHGLVWDQFH'LJVDUHH[SODLQHGDVJHDUFKDQJLQJ
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)RUPXOD 6WXGHQW SURMHFW KDV EHHQ WKH ULJKW SODFH WR H[SDQG WKH SURGXFW GHYHORSPHQW
NQRZOHGJH5HDOZRUOGRI LQGXVWU\ UHTXLUHV ORWPRUH WKDQ MXVW ILQDOL]HG&$'PRGHO7HDP
ZRUNFRPPXQLFDWLRQGHVLJQGHYHORSPHQWVLPXODWLRQRUXQGHUVWDQGLQJWKHUXOHVZLWKKXJH
UHVSRQVLELOLW\7KHVHLGHDVWRJHWKHUZLWKGHVFULSWLRQRISDUWLFXODU)RUPXOD6WXGHQWGLVFLSOLQHV
ZHUHSXUSRVHRIWKHILUVWSDUWRIWKLVGLSORPDWKHVLV
7KHZKROH UDFLQJ FDU LV D WUXO\ FRPSOH[ SLHFH RIPDFKLQH 6XFK D FDU UHTXLUHV NQRZOHGJH
IURPHDFKVHFWRU+RZHYHU WKHXOWLPDWHSDUWRI UDFLQJFDU LVD W\UH7\UHVSURYLGH WKHRQO\
LQWHUDFWLRQEHWZHHQWKHYHKLFOHDQGWKHURDGVXUIDFH7KHUHIRUHXQGHUVWDQGLQJWKHW\UHWKHRU\
LVFUXFLDO IRU WKHZKROH UDFHFDUGHYHORSPHQWSURFHVV3DUWLFXODUO\ LPSRUWDQW IRUVXVSHQVLRQ
NLQHPDWLFV:LWKW\UHWKHRU\NQRZOHGJHDQGZLWKW\UHGDWDWKHNLQHPDWLFVGHYHORSPHQWSKDVH
FRXOGEHXQGHUWDNHQZLWKJUHDWDGYDQWDJH5HGHVLJQLQJRI78%UQR5DFLQJDQG8+5DFLQJ
FDUVDUHGHVFULEHGLQFKDSWHUIRXURIWKLVGLSORPDWKHVLV
'UDJRQFDUXVHVWKHVDPHNLQHPDWLFVDVLWVSUHGHFHVVRUV:KLOHWKLVFDUZDVILUVWZKLFKUXQ
PRUHWKDQNPGXULQJWKHZKROHVHDVRQGHFLVLRQWRUHGHVLJQNLQHPDWLFVIRUWKHQHZ
JHQHUDWLRQRI78%UQR5DFLQJFDU?'UDJRQKDVFRPHLWVHOI7KHUHZHUHDIHZLGHDVZKLFK
KDYHGULYHQWKLVUHGHVLJQ'UDJRQVWUXJJOHGZLWKMDFNLQJIRUFHLQFRUQHUVHVSHFLDOO\DWWKH
UHDUD[OHDQGZKLOHWKHLQLWLDOWXUQLQXQGHUVWHHUZDVLPSURYHGZLWKPPRIWRHRXWDWIURQW
ZHKDYH GHFLGHG WRPDNH D ORW RI FKDQJHV:LWK QHZ W\UH GDWD NQRZOHGJH WKH$FNHUPDQQ
YDOXHRIVWHHULQJLVPRGLILHG,QDLPRIUHGXFLQJWKHMDFNLQJIRUFHZKROHDSSURDFKKDVEHHQ
FKDQJHG&HQWUHRIJUDYLW\DVWKHPRVWLPSRUWDQWIHDWXUHRIUDFLQJFDUZDVRQHRIWKHZKROH
WHDPPRWLYDWLRQ7KLVGURYHHYHU\GHFLVLRQRQWKHFDU1RH[FHSWLRQLVWKHVXVSHQVLRQOD\RXW
5HDU D[OH KDV EHHQ FRPSOHWHO\ UHGHVLJQHG 6XVSHQVLRQ OD\RXW LV QHZO\ DV D SXOO ? URG
7KHUHIRUHGDPSHUV URFNHUVDQG WKHZKROHDWWDFKPHQW WR WKHFKDVVLVKDVEHHQPRYHGGRZQ
5HDUD[OHFHQWUHRIJUDYLW\LVUHGXFHGIURPPPWRPP5HDUXSULJKWVSRLQWVKDVEHHQ
GHVLJQHGIURPWKHVFUDWFKWRSURYLGHKLJKVWLIIQHVVULJKWW\UHXVDJHDQGPDQXIDFWXUDELOLW\
3DUWLFLSDWLRQRQ8+GHYHORSPHQWKDVEHHQDJUHDWH[SHULHQFHDV WKH8+FDU UXQV
LQFKW\UHV)URQWD[OHUHPDLQVYHU\VLPLODUWRSUHYLRXVFDU?8+KRZHYHU UHDUD[OHKDV
EHHQ FRPSOHWHO\ UHGHVLJQHG 2QFH WKH DLP RI 78 %UQR 5DFLQJ ? UHGXFLQJ WKH FHQWUH RI
JUDYLW\ KDV EHHQ GHFLGHG DOPRVW WKH VDPH VROXWLRQ LV YLVLEOH DW 8+  3XVKURG
FRQILJXUDWLRQZDVFKDQJHGWRSXOOURGLQUHVSHFWRIFHQWUHRIJUDYLW\:LWKLQFKW\UHVWKH
VSDFHOLPLWDWLRQZDVDFKDOOHQJH7RGHOLYHUWLJKWSDFNDJLQJRIURFNHUDQGGDPSHUDQGDWWKH
VDPHWLPHWKHLQWHQGHGPRWLRQUDWLRFKDUDFWHULVWLFUHTXLUHGSUHFLVLRQLQGHYHORSPHQWSURFHVV
$IWHU WKHGHVLJQSURFHVV8+UHDUD[OHLVYHU\VLPLODUWR WKH'UDJRQVROXWLRQ7KHUHDUH
WZRGLIIHUHQWVROXWLRQ$QWLUROOEDUSRVLWLRQDQG7RHOLQNSRVLWLRQ$QWLUROOEDUSRVLWLRQZDV
GULYHQ E\ VSDFH OLPLWDWLRQ RI HDFK FDU DQG WRHOLQN LV LQIOXHQFHG E\ GLIIHUHQW DSSURDFK
'UDJRQKDVWRHOLQNLQWKHPLGGOHRIXSULJKWGXHWRXSULJKWVWLIIQHVVPDQXIDFWXUDELOLW\DQG
WRSURYLGHGLIIHUHQWVHWXSVRIEXPSVWHHU8+GRHVQRWKDYHGLIIHUHQWPRXQWLQJSRLQWVRI
ZLVKERQHVDV'UDJRQ
.LQHPDWLFVRI WKH FDUKDYH WREH VFUXSXORXVO\SUHSDUHG LQ UHVSHFWZLWK HQJLQHHULQJGHVLJQ
2QFH WKH NLQHPDWLFV DUH GHYHORSHG WKH ZKROH VXVSHQVLRQ DQG FKDVVLV KDV WR EH GHVLJQHG
DFFRUGLQJ WR LW 5DFLQJ FDU DLPV WR EH DV OLJKW DV SRVVLEOHZLWK WKH ORZ SRVVLEOH KHLJKW RI
FHQWUH RI JUDYLW\ 7KLV HQDEOH GULYHU WR EH IDVW RQ WKH VWUDLJKWV DQG LQ FRUQHUV DV ZHOO 7R
GHOLYHU OLJKWHVWSRVVLEOHVROXWLRQVZKLFKVWLOOHQVXUH WKHUHOLDELOLW\)($PHWKRGVKDYHEHHQ
GHYHORSHG WR KHOS HQJLQHHUV )($ ZDV XVHG WR GHYHORS HYHU\ VLQJOH SDUW LQ WKLV GLSORPD
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WKHVLV5RFNHUVZLVKERQHVDQGUHDUDQWLUROOEDU$OO WKHVHFRPSRQHQWVZHUHGHVLJQHGWREH
OLJKWHUKRZHYHUWKHLUIXQFWLRQDOLW\ZDVSURYHGGXULQJWKHZKROHVHDVRQ'HVLJQDLPRI
URFNHUVDQGZLVKERQHVZDVWRGHOLYHUDVOLJKWDVSRVVLEOHVROXWLRQ:HLJKWRIWKHURFNHUVKDV
EHHQ ORZHUHG E\ D KDOI RI WKH RULJLQDO ZHLJKW 'UDJRQ  WR 'UDJRQ  VWHS :LVKERQHV
XQGHUWRRNH[WHQVLYHGHYHORSPHQW ,VVXHRI'UDJRQZHUH WKHXQLEDOOKRXVLQJV0DWHULDORI
ZLVKERQHVRI'UDJRQZDVWKHUHIRUHFKDQJHGWRFKURPHPRO\EGHQXP&U0R47+DQG
LQ KDQG ZLWK QHZ KRXVLQJ VROXWLRQ WKH ZHLJKW UHGXFWLRQ FDPH DV ZHOO :LWK DQDO\VLV RI
VXVSHQVLRQ IRUFHV GLIIHUHQW XQLEDOOV DQG GLIIHUHQW WXEHV GLPHQVLRQV ZHUH FKRVHQ IRU
ZLVKERQHV8SSHUZLVKERQHV UXQ MXVW [ WXEHGLDPHWHU FRPSDUHG WR [PPRI ORZHU
ZLVKERQHV 8SULJKWV? XQLEDOOV DUH PRWRUVSRUW VSHFLILFDWLRQ ZLWK VKRXOGHU EROWV 0
8QLEDOOV RI WKH FKDVVLV DWWDFKPHQW DUH IRU WKH VDPH VKRXOGHU EROWV KRZHYHU WKH\ DUH QRW
PRWRUVSRUW VSHFLILFDWLRQ DV WKH IRUFHV WKHUH DUH PXFK ORZHU 7KLV VROXWLRQ GHOLYHUHG ODUJH
ZHLJKWUHGXFWLRQRIZLVKERQHVE\KDOIFRPSDUHWRSUHYLRXVGHVLJQZLWKQRFRPSOLDQFHV
2QHRIWKHELJJHVWFKDOOHQJHRI'UDJRQ?'UDJRQFDUVZDVUHDUDQWLUROOEDU7KHUHZHUH
QRVROXWLRQZKLFKSURYLGHG LQWHQGHG IXQFWLRQDOLW\7KHUHIRUH'UDJRQKDV FRPSOHWHO\QHZ
VROXWLRQ ,W ZDV GHFLGHG WRPDQXIDFWXUHPRUH H[SHQVLYH VROXWLRQ EXW IXQFWLRQDO ([WHQVLYH
)($VLPXODWLRQ0$7/$%DQDO\WLFDODSSURDFKDQGYHKLFOHG\QDPLFVFDOFXODWLRQHQVXUHGWKH
IXQFWLRQDOLW\'UDJRQDQWLUROOEDUXVHVEODGHVDQGWRUVLRQDOEDU7KLVVROXWLRQZDVZRUNLQJ
ZHOO DOO WKH  VHDVRQ 8QGHUVWHHU JUDGLHQW PHDVXUHPHQW DW 6NLG 3DG WHVWV EDVHG RQ
GLIIHUHQW$5%VHWXSVKRZHGWKHUDQJHRIWKHSRVVLEOHZHLJKWEDODQFH:LWKIXOO\IXQFWLRQDO
IURQWDQGUHDUDQWLUROOEDUVWKHFDUFRXOGEHEDODQFHGLQWKHZD\WKHGULYHUVZDQWHG+HQFH
IRUWKH'UDJRQJHQHUDWLRQWKHRQO\DLPLVWRUHGXFHWKHZHLJKW
7RFORVHWKHGHVLJQDQGGHYHORSPHQWFLUFOHWKHUHVKRXOGEHVRPHPHDVXUHPHQWZKLFKDOORZV
HQJLQHHUVWR MXGJHWKHLU MRE2IFRXUVH WKHPRVW LPSRUWDQWDVSHFWDUHSRLQWVJDWKHUHGDW WKH
HQGRIWKHVHDVRQ+RZHYHUWRWUDFNWKHSHUIRUPDQFHODSE\ODSXQGHUVWDQGWKHFDUSURSHUO\
DQGWUDLQGULYHUVWRGULYHWKHFDURQLWVHGJHRUWRREWDLQLPSRUWDQWGDWDIRUIXWXUHUHVHDUFKDQG
GHYHORSPHQW ? WKH GDWD DFTXLVLWLRQ V\VWHPV KDYH EHHQ GHYHORSHG:LWK GDWD DQDO\VLQJ WKH
SRVVLELOLW\WRLPSURYHWKHFDUDQGWKHZKROHWHDPVLJQLILFDQWO\UDLVHV
'UDJRQ  WHDP KDGPRUH WKDQ WZRPRQWKV RI WHVWLQJ EHIRUH ILUVW FRPSHWLWLRQ LQ*HUPDQ\
7KHVHWZRPRQWKVWKHFDUGLGPRUHWKDQNPRIWHVWLQJ,WZDVYHU\LPSRUWDQWWRGHOLYHU
VFKHGXOH RI WKHVH GD\V ,Q WKLV YHU\ VKRUW WLPH LW ZDV LPSRUWDQW WR ILQG WKH UHOLDELOLW\
SHUIRUPDQFH DQG WUDLQ WKH GULYHUV IRU SDUWLFXODU GLVFLSOLQHV )LUVW WHVWV ZHUH GHGLFDWHG WR
VHQVRUVFDOLEUDWLRQUHOLDELOLW\FRQWURODQGWKHZKROHWHDPZDVOHDUQLQJKRZWRZRUNZLWKWKH
QHZFDU7KLVLVYHU\LPSRUWDQWIURPPDQDJHUV?SRLQWRIYLHZ7RHQVXUHWKDWHYHU\RQHLQWKH
WHDPNQRZVZKDW LV KLVRUKHU MRE WRPRWLYDWH WKH WHDP WRPDLQWDLQ WKHFDU DIWHU WHVWV DQG
SUHSDUHWKHFDUIRUQH[WWHVWV7KLVZDVRQHRIWKHELJJHVWFKDOOHQJHIRUDXWKRURIWKLVGLSORPD
WKHVLV
$ORQJZLWK WKH WHVWLQJ VHDVRQ WKHZKROH WHDPZDV LPSURYLQJZLWK WKHFDU$IWHU UHOLDELOLW\
WHVWVHYHU\GLVFLSOLQHRI)RUPXOD6WXGHQWFRPSHWLWLRQZDVSUHSDUHG7KLVSDUWRIWHVWVHDVRQ
ZDV WKH PRVW LQWHUHVWLQJ RQH 6NLG 3DG WHVW GD\V ZHUH GHGLFDWHG WR XQGHUVWHHU JUDGLHQW
PHDVXUHPHQWZKHUH WKHGLIIHUHQWDQWLUROOEDUVVHWXSVZHUH WHVWHG'UDJRQGLGDOPRVW
VNLGSDGVDWWHPSWV7KHDLPZDVWRILJKWIRUWKHEHVWSRVLWLRQVDWFRPSHWLWLRQVDVWKHFDUDQG
GULYHUVLPSURYHGVLQFHODVW\HDUDOPRVWE\DVHFRQGDW6NLG3DG$FFHOHUDWLRQWHVWGD\VZHUH
GLYLGHG LQWR DHURG\QDPLFV DQG VKLIWLQJ WHVWV $HURG\QDPLFV PHDVXUHPHQW ZHUH DEVROXWHO\
FUXFLDO DV ZH FRXOG FRUUHODWH &)' VLPXODWLRQ ZLWK UHDOLW\ 7KDQNV WR WKH GDPSHU SRVLWLRQ
VHQVRUVZHZHUHDEOHWRFDOFXODWHGRZQIRUFHDWSDUWLFXODUVSHHGV5HVXOWVVKRZHGWKDWWKHUHDU
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ZLQJRI'UDJRQLVVLJQLILFDQWO\PRUHHIILFLHQWWKDQWKHIURQWZLQJ7KLVLQIOXHQFHGEDODQFH
RIWKHFDULQKLJKVSHHGFRUQHUVDQGVXUSULVLQJO\HYHQDW6NLG3DGZKHUHWKHYHORFLW\RIWKH
FDU LVDURXQGNSK:HFKDQJHGVSULQJVWLIIQHVVRQ WKHUHDUD[OH WREDODQFH WKHFDU1HZ
SQHXPDWLFJHDUVKLIWHUVROXWLRQZDVWHVWHGDWDFFHOHUDWLRQ%HIRUHWKHILUVWHYHQWLQ*HUPDQ\
UHOLDELOLW\ZDVIRXQGZLWKWKLVV\VWHP$QDYHUDJHWLPHRIXSVKLIWVZDVEHORZPV
(QGXUDQFHDQG$XWRFURVVWHVWGD\VKDGDIHZDLPV5HOLDELOLW\GULYHUV?WUDLQLQJDQGHQJLQHHUV
WUDLQLQJ7RILQLVK(QGXUDQFHHYHQWLVDEVROXWHO\FUXFLDO,QWKHRWKHUZD\WKHUHLVQRFKDQFH
WREHVXFFHVVIXODWDQ\FRPSHWLWLRQ'UDJRQZDVDELJLPSURYHPHQW&DUZDVIDVWHUPXFK
PRUHUHOLDEOHZLWKEHWWHUFRUQHULQJEHKDYLRXU:KLOHWKHGULYHUVLQ)RUPXOD6WXGHQWDUHQRW
SURIHVVLRQDOVZHZDQWHGWROHWWKHPNQRZWKHFDUSHUIHFWO\$XWKRURIWKLVGLSORPDWKHVLVLV
RQHRIWKHGULYHUV7KLVZDVDEVROXWHO\JUHDWZD\KRZWRVWXG\WKHGDWD2QFHVRPHWKLQJZDV
IRXQGLQGDWDLWZDVJUHDWWRWU\GLIIHUHQWVHWXSRUGLIIHUHQWGULYLQJVW\OHDFFRUGLQJWRWKDW
,QRYHUDOOWKHQHZFDUZDVDOPRVWE\VHFRQGVSHUODSIDVWHURQ78%UQR5DFLQJWHVWWUDFN
WKDQLWVSUHGHFHVVRU$HURG\QDPLFVLPSURYHGWKHFRUQHULQJDELOLW\DVWKHPD[LPXPRIODWHUDO
DFFHOHUDWLRQLQFUHDVHGIURPWR*DW)RUPXOD6WXGHQW+XQJDU\ZKLFKLVRQFRQFUHWH
VXUIDFHWKHODWHUDODFFHOHUDWLRQSHDNVZHUHXSWR*$VWKHFDULVOLJKWHUE\HYHQWKH
ORQJLWXGLQDODFFHOHUDWLRQLQFUHDVHGIURPWR*%UDNLQJDELOLW\RIWKHFDULVRYHU
*
)RUPXOD6WXGHQW*HUPDQ\KDVRQHVSHFLDOLW\6NLG3DGHYHQW LV UXQ LQZHWFRQGLWLRQV7KLV
VKRXOGHTXDOFKDQFHVIRUHYHU\WHDP%HIRUHWKLVFRPSHWLWLRQ78%UQR5DFLQJSUHSDUHGHYHQ
IRUWKLVVRFDOOHG:HW3DGHYHQW$IWHUPRUHWKDQKXQGUHG:HW3DGV'UDJRQDQGLWVGULYHUV
ZHUHDEOH WRJR WKURXJK WKH WUDFN LQ VHFRQGV7KLVZRXOGKDYHEHHQ ILUVWSODFHRYHUDOO LQ
VHDVRQDW)RUPXOD6WXGHQW*HUPDQ\+RZHYHUDW WKHFRPSHWLWLRQWKLQJVGLGQRW
JR VR ZHOO &DU KDG VPDOO WHFKQLFDO LVVXH LQ ILUVW UXQ DQG GULYHUV XQGHU SUHVVXUH GLG QRW
SHUIRUP WKHLU EHVW WK SODFH LQ RYHUDOO LV VWLOO D KXJH VXFFHVV 7KH  ZDV WKH PRVW
VXFFHVVIXOVHDVRQRI78%UQR5DFLQJVRIDU:LWKWKHVHH[SHULHQFHDQRWKHUNQRZOHGJHDQG
PRWLYDWLRQ'UDJRQFDQLPSURYHWKHKLVWRULFDOUHFRUGVRQFHDJDLQ
)ROORZLQJ WKLVGLSORPD WKHVLV WKHUH DUH VRPH UHFRPPHQGDWLRQVZKLFKDXWKRUZRXOG OLNH WR
RIIHU ,QQH[WJHQHUDWLRQRI)RUPXOD6WXGHQWPRQRSRVW LQFKZKHHOVVKRXOGEHWDNHQLQWR
FRQVLGHUDWLRQ ([SHULHQFHZLWK8+ FDU VKRZHG WKDW WKH RQO\ GLIILFXOW\ IURPNLQHPDWLFV
SRLQWRIYLHZLVLQVWDOODWLRQUDWLRIRUSXOOURGVROXWLRQ+RZHYHUUHFRPPHQGDWLRQLVWRRPLW
SXOO RU SXVK URGV )RUPXOD 6WXGHQW FDU VKRXOG EH DV OLJKW DV SRVVLEOH 7KLV VLPSOLILFDWLRQ
VKRXOGGHOLYHU DQRWKHUZHLJKW UHGXFWLRQ LI WKHUHZRXOGEH D ULJKW UHSODFHPHQWRIYHU\ OLJKW
PDJQHVLXPULPV6SDFHOLPLWDWLRQRIVPDOOHUZKHHOVKRXOGQRWEHDKXJHKXUGOHDVORWRIRWKHU
WRS)RUPXOD6WXGHQWWHDPVKDYHVROYHGWKLVZLWKVXFFHVV
5HJDUGOHVVRIDQ\GHVLJQDSSURDFKRUVROXWLRQ?WKHPRVWLPSRUWDQWUHFRPPHQGDWLRQDUHUXOHV
NQRZOHGJHDQGXQGHUVWDQGLQJ6$()RUPXOD6WXGHQWLVDOHDUQLQJSURFHVV7KHZD\
ZKLFKWKHSDUWLFXODUWHDPPHPEHUGHFLGHVWRDSSURDFKWKLVSURMHFWLVFUXFLDO3UREDEO\LQDQ\
DVSHFW RI KXPDQ OLIH WKH PRWLYDWLRQ LV WUXO\ LPSRUWDQW :LWK SDVVLRQ DQG PRWLYDWLRQ
WKURXJKRXW WKHZKROH WHDP WKH GHVLJQ VWHSV DQG GHFLVLRQZLWK UHDO VFLHQWLILF DSSURDFK FDQ
VHFXUHWKDWWKHHGXFDWLRQDOSXUSRVHRI)RUPXOD6WXGHQWSURMHFWLVDFKLHYHG

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$VK +  1RYHPEHU 7\UHV LQ 0RWRUVSRUW 3RZHU3RLQW 3UHVHQWDWLRQ +DWILHOG
+HUWIRUGVKLUH8.
$VK+0DUFK/RDG7UDQVIHU+DWILHOG8++HUWIRUGVKLUH
%UQR57'HFHPEHU78%UQR5DFLQJ*DUD]H5HWULHYHGIURP78%UQR5DFLQJ
ZZZWXEUQRUDFLQJF]
&DOVSDQ &  ZZZFDOVSDQFRP 5HWULHYHG -DQXDU\   IURP
KWWSZZZFDOVSDQFRPWUDQVSRUWDWLRQWLUHUHVHDUFK
H%DUDFXV  1RYHPEHU $ &HOO GLVFRXQWV IRU )RUPXOD 6WXGHQW6$( 5HWULHYHG
IURP ZZZHEDUDFXVFRP KWWSZZZHEDUDFXVFRPDUWLFOHDFHOOGLVFRXQWV
IRUPXODVWXGHQWVDH
)U\VWDN / 'HVLJQ RI $HURG\QDPLF :,QJV RI )RUPXOD 6WXGHQW  6$( %UQR %UQR
8QLYHUVLW\RI7HFKQRORJ\
)6*  1RYHPEHU  )RUPXOD 6WXGHQW &RPEXVWLRQ 5XOHV  5HWULHYHG IURP
ZZZIRUPXODVWXGHQWGH
KWWSVZZZIRUPXODVWXGHQWGHXSORDGVPHGLD)6&B5XOHVBBYSGI
*LOOHVSLH7')XQGDPHQWDOVRI9HKLFOH'\QDPLFV:DUUHQGDOH6$(
.3, L  $SULO  VPDUW .3,V  7KH VPDUW FKRLFH LQ SHUIRUPDQFH PDQDJHPHQW
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